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ABSTRACT 


\ 

\ 

This  study  developed  a  total  Emergency  Health  Care  System  Model  that  can  be 
used  to  study  postattack  problems  In  medical  preparedness  planning  for  a  single 
locality*  The  total  model  consists  of  two  submodels  and  is  capable  of  analyzing 
medical  system  effectiveness,  measured  by  survivors,  as  a  function  of  medical 
resources  and  their  employment;  e.g.,  triage,  and  treatment  priorities.  The 
Immediate  Effects  Submodel  analyzes  the  first  60  days  immediately  after  attack  and 
is  applicable  to  those  casualties  that  survive  the  initial  weapon  effects.  Casualty 
types  resulting  from  a  specified  attack  and  available  medical  resources  (personnel, 
facilities,  and  supplies)  serve  as  input  to  this  submodel.  A  prognosis  based  on 
injury  type,  availability  of  appropriate  medical  personnel,  and  available  medical 
supplies  is  applied  to  these  casualties.  The  number  of  deaths  and  survivors,  along 
with  the  utilization  of  medical  supplies  and  personnel,  are  output. 

The  Disease  and  Chronic  Conditions  Submodel  is  designed  to  model  the  generation 
and  effects  of  likely  disease  threats  to  survivors  of  the  60  day  postattack  period 
throughout  the  ensuing  year.  ^.Using  a  mathematical  model  of  infection,  survivors 
are  subjected  to  the  risks  of  ^coming  infected  by  one  or  more  of  16  communicable 
diseases.  A  prognosis  function  based,  in  part,  on  the  availability  of  medical 
staff  and  supplies  required  to  treat  each  disease  is  then  applied  to  the  infectives. 
The  model  output  specifies  the  number  of  fatalities  and  the  consumption  of  medical 
resources  by  five-day  periods  for  each  disease. 

A  case  study  for  the  total  Emergency  Health  Care  System  Model  was  made  of  the 
postattack  health  posture  of  New  Orleans,  Louisiana.  The  hypothetical  attack  was 
a  surface  burst  by  a  1.5  MT  thermonuclear  weapon  approximately  9  miles  south  of  the 
center  of  the  city  (population  of  1,002,000).  The  results  of  the  one  year  postattack 
period  for  the  New  Orleans  case  study  indicate  that  relatively  unlimited  resources 
have  little  effect  (few  preventable  deaths)  on  the  magnitude  of  deaths  among  direct 
effect  injured.  However,  large  numbers  of  epidemic  deaths  are  preventable  in  the  late 
postattack  environment.  Since  these  preventable  deaths  are  highly  depend. it  upon 
medical  resource  availability,  the  importance  of  preattack  medical  resource  planning 
and  stockpiling  of  supplies  is  indicated. 
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Chapter  1 


I.  INTRODUCTION 

A.  General 

This  research,  conducted  for  the  Public  Health  Service  (Office  of  Civil  Defense 
Work  Unit  3432A)  under  Contract  No.  PH  110-67,  was  directed  toward  the  development 
of  a  total  Emergency  Health  Care  System  Model  that  can  be  used  to  study  and  evaluate 
the  nuclear  postattactc  health  posture  of  a  single  locality.  This  total  model  consists 
of  two  submodels  and  can  be  used  in  medical  preparedness  planning  for  a  single 
locality;  i.e.,  a  town,  city,  or  county.  It  is  capable  of  analyzing  medical 
system  effectiveness,  in  terms  of  survivors  added  as  a  function  of  the  availability 
and  employment  (triage  and  treatment  priorities)  of  medical  resources  (facilities, 
personnel  and  supplies) . 

The  first  submodel,  th  Immediate  Effects  Submodel,  simulates  the  first  60  days 
immediately  after  the  attack  and  is  concerned  with  the  handling  of  casualties 
that  survive  the  initial  weapon  effects.  Casualties  classified  by  injury  type  for 
a  specific  attack,  along  with  a  list  of  medical  resources  available  in  the  target 
area,  are  put  into  the  submodel,  a  treatment  priority  is  established,  triage  is 
performed,  available  medical  resources  are  applied,  and  a  prognosis  of  continued 
survival  or  death  is  derived.  Output  from  the  submodel  Includes  the  number  of  deaths 
and  survivors  and  the  utilization  rates  for  medical  supplies  and  personnel. 

The  second  submodel  of  the  Total  Emergency  Medical  Care  System  Model  is  the 
Disease  and  Chronic  Conditions  Submodel.  This  submodel  provides  a  simulated  study 
of  the  probable  generation  and  effect  of  communicable  diseases  among  the  survivors 
from  30  days  to  one  year  postattack.  Using  a  prognosis  function  based  on  a 
mathematical  model  of  infection  and  the  availability  of  required  medical  resources, 
the  model  simulates  the  treatment  of  infe*  tives  and  specifies  the  consumption  rate 
of  medical  resources,  by  five-day  periods,  for  each  disease. 

The  Total  Emergency  Health  Care  System  Model  is  written  in  FORTRAN  II  and 
occupies  approximately  13,000  words  of  memory.  This  program  was  specifically 
designed  to  work  on  the  National  Civil  Defense  Computer  Facility's  CDC  3600, 
but  it  can  be  processed  on  any  computer  with  a  FORTRAN  II  Compiler  and  13,000  words 
of  core  storage  available.  Segmenting  of  the  program  into  the  Immediate  Effects 
Submodel  and  the  Communicable  Disease  Submodel  results  in  division  of  the  program 
into  two  parts  of  approximately  8,000  and  5,000  words,  respectively. 

This  report  consists  of  4  chapters  and  13  appendices.  Chapter  1  contains  an 
introduction  to  the  study  and  a  summary  of  the  study  results.  The  simulation  model 
of  emergency  medical  care  in  the  immediate  postattack  period  is  described  in 
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Chapter  2  and  the  late  postattack  or  communicable  disease  period  in  Chapter  3.  The 
results  of  a  case  3tudy  in  which  casualty  and  resource  data  for  the  city  of 
New  Orleans  were  processed  by  the  Total  Emergency  Health  Care  System  Model  are 
presented  in  Chapter  4. 

B.  Background 

A  postattack  medical  preparedness  program  must  take  into  consideration  the 
stockpiling  of  essential  medical  supplies,  establishment  of  Packaged  Disaster 
Emergency  Hospitals,  training  of  professionals  and  non-professionals  in  emergency 
medical  care,  triage,  etc.  The  number  and  complexity  of  variables  associated  with 
these  various  phases  of  health  planning  programs  indicates  the  need  for  developing 
new  and  more  powerful  methods  for  studying  and  evaluating  medical  preparedness. 

The  initial  phase  in  the  development  of  such  methodologies  began  in  1965  with 
the  initiation  of  Public  Health  Service  Contract  No.  PH-86-65-46,  Review  and 
Evaluation  of  the  National  Health  Preparedness  Program.  Research  under  that  contract 
examined  the  nuclear  postattack  period  in  terms  of  a  60-day  "immediate  nuclear 
postattack  period"  and  a  "late  nuclear  postattack  period"  (up  to  one  year).  A  computer 
simulation  model  was  developed  to  study  alternative  medical  strategies  in  the  immediate 
postattack  period.  Work  related  to  the  late  postattack  period  was  primarily  directed 
towards  identifying  specific  diseases  most  likely  to  be  problematic  and  towards 
development  of  preliminary  estimates  of  the  magnitude  of  the  disease  problem  in  the 
postattack  environment.  However,  because  of  the  preliminary  work  performed  under  this 
initial  contract,  and  the  need  for  further  study  on  the  simulation  model  and  the  late 
postattack  disease  problem,  only  a  summary  report  from  that  research  was  published.— 
That  report,  which  had  limited  distribution,  did  not  contain  the  details  of  the  develop¬ 
ment  of  the  model  input  data  and  other  data  concerning  communicable  and  chronic  disease 
and  emergency  medical  planning. 


Hallan,  J.  B. ,  J.  L.  Colley,  W.  L.  Wells,  R.  S.  Titchen,  C.  N.  Dillard,  and 
A.  V.  Alhadeff.  Review  and  Evaluation  of  the  National  Emergency  Health 
Preparedness  Program  -  Final  Summary  Report,  R-QU-209."  Research  Triangle 
Park,  N.  C.:  Research  Triangle  Institute,  30  November  1966. 
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II.  OBJECTIVES  AND  SCOPE  OF  WORK. 


The  broad  objective  of  this  research  was  to  continue  the  development  of  the 
simulation  model  capable  of  studying  in  depth  the  cost  and  effeetlvenss  of  alternative 
strategies  for  providing  medical  care  and  medical  support  under  various  postures  of 
nuclear  postattack  health  situations.  The  model  design  was  aimed  at  suitability  for 
analyzing  medical  system  effectiveness  measured  by  survivors,  for  a  range  of  attack 
conditions,  as  a  function  of: 

1)  medical  supplies, 

2)  medical  personnel, 

3)  medical  facilities  (including  Packaged  Disaster  Emergency  Hospitals) ,  and 

4)  doctrine  of  total  system  employment  (triage  and  treatment  priorities). 

Detailed  objectives  "f  both  submodels  of  the  Total  Emergency  Health  Care  System 

Model  are  described  in  Chapters  2  and  3;  specific  tasks  associated  with  developing 
this  model  under  Public  Health  Service  Contract  No.  PH-110-67  are: 

1)  The  casualty  simulation  phase  of  the  model  should  extend  to  at  least 

60  days  postattack  including  estimation  of  prognoses  data  and  treatment- 
requirements  for  radiation  injury.  Radiation  injury  is  to  be  considered 
an  initial  effect  even  though  dose  accumulation  may  extend  to  several 
days  or  weeks.  Since  other  contemplated  studies  will  consider  the  added 
insult  of  radiation  injuries  in  combination  with  mechanical  trauma  and 
bums ,  the  model  should  be  so  constructed  as  to  accept  this  potential  data. 

2)  T>ie  disease  and  chronic  conditions  phases  of  the  emergency  health  system 
should  cover  all  initial  effects  survivors  (injured  and  uninjured)  and 
carry  them  forward  to  one  year  postattack.  This  phase  includes  the  selec¬ 
tion  of  the  pai-ameters  for  the  26  diseases  selected  for  further  study  as 
outlined  in  Table  XVI  of  the  Final  Report  prepared  under  Contract 

PH  86-66-46  and  estimation  of  upper  and  lower  bounds  on  the  parameters  to 
be  studied.  Disease  propagation  models  must  be  programmed  for  computer 
solution  and  disease  caseloads  must  be  generated  under  a  variety  of 
assumptions .  The  model  should  provide  for  acceptance  at  a  later  date  of 
data  relating  to  possible  synergistic  interaction  between  initial  injury 
and  later  disease. 

Z)  The  model  should  be  adaptable  to  the  generation  of  nationally  applicable 
information. 

4)  The  measure  of  system  effectiveness  (output)  should  consider  only 
survivors  and  deaths. 
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5)  Tht  model  should  be  so  constructed  as  to  utilize  a  full  range  of 
resource  availability  values  from  minimal  to  maximum. 

6)  One  i 1)  case  study  shall  be  performed  for  (1)  city  as  approved  by  the 

Project  Officer  and  using  Public  Health  Service  supplied  data  in  a 
mutually  agreeable  format  consistent  with  the  input  parameter  requirements 
of  the  model  within  one  (1)  month  after  request  by  the  Contractor  but  no 
later  than  eight  (8)  months  after  effective  date  of  the  contract.  ^ 

7)  The  model  should  be  adapted  to  account  for  complete  and  full  time 
utilization  of  medial  personnel  at  those  times  and  places  where  their 
efforts  would  be  most  effective. 
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III.  MODEL  FORMULATION 


The  approach  of  the  work  reported  herein  was  to  consider  the  immediate  and  late 
postattack  problems  capable  of  being  studied  with  a  single  Total  Emergency  Health 
Care  System  Model.  This  model  encompasses  as  submodels  the  previously  developed 
Immediate  Effects  Model  (wi'h  modifications  and  expansion)  and  a  second  model  dealing 
with  disease  and  chronic  conditions  (developed  under  the  currer-  contract).  These 
submodels  cover:  (1)  the  immediate  nuclear  postatteck  period;  and  (2)  the  time,  up 
to  one  year  after  the  nuclear  weapons  attack,  during  which  the  surviving  population 
will  be  faced  with  problems  of  diseases  and  chronic  conditions  that  partly  result 
from  the  attack  and  are  complicated  by  a  disrupted  postattack  environment.  Figure  1 
represents  the  overall  flow  and  the  functional  relationships  of  the  Total  Emergency 
Health  Care  System  Model.  Details  of  the  approach  will  be  found  in  Chapters  2  and  3. 

In  the  Immediate  Effects  Submodel,  casualty  types  resulting  from  a  specified 
attack  are  treated  by  the  medical  resources  (personnel,  facilities,  and  supplies) 
according  to  predetermined  rules  of  triage  or  treatment  priorities.  The  resources 
may  be  varied  through  input  data  to  test  the  impact  of  the  level  of  medical  stock¬ 
piles,  Packaged  Disaster  Hospitals,  etc.,  on  the  measure  of  system  effectiveness 
(survivors  added  by  the  emergency  medical  system).  Secondary  output,  available  at 
the  option  of  the  user,  includes  the  utilization  rate  for  medical  personnel  and  r.*-hnr 
specified  resources.  The  simulated  community  consists  of  several  geographical  areas 
called  grids.  For  the  purpose  of  the  model,  one  of  the  grids  (the  hospital  grid) 
contains  the  total  hospital  capability  of  the  community;  the  others  contain  emergency 
medical  treatment  centers.  Casualties  originate  in  all  grids.  A  treatment  table, 
consisting  of  prognosis  data,  treatment  time  for  injuries,  and  priorities,  is  stored 
in  the  computer's  memory.  The  table  is  consulted  and  available  resources  applied 
to  casualties  (in  batches)  in  order  of  their  preassigned  priorities  for  treatment. 
Provision  is  made  for  the  treatment  level  to  be  altered  depending  upon  the  availability 
of  personnel.  The  appropriate  prognoses  are  applied  to  the  injured,  deaths  and 
survivors  are  estimated  and  recorded,  and  available  resources  are  depleted.  The 
non-hospital  grids  are  processed  first,  then  the  hospital  grid,  and  finally,  transfers 
to  the  hospital  grid  from  the  non-hospital  grids.  Grand  totals  for  the  run  are 
prepared  and  printed  out  as  well. 

The  Disease  and  Chronic  Conditions  Submodel  is  designed  to  model  the  generation 
and  effects  of  likely  disease  threats  for  a  period  of  about  one  year  postattack. 
Beginning  approximately  30  days  postattack,  survivors  of  the  Immediate  Effects  Phase 
are  subjected  to  the  risks  of  becoming  infected  by  one  or  more  of  16  communicable 
diseases,  using  a  mathematical  model  of  infection.  Remaining  medical  resources  are 
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Overall  Flow  of  Total  Emergercy  Health  Care  System  Model 


then  applied  to  the  diseased  persons,  and  the  health  impact  created  by  alternative 
allocations  of  the  medical  stockpiles  among  the  two  submodels  (Immediate  Effects 
and  Disease  and  Chronic  Condition)  can  be  tested  by  varying  the  input  for  these 
resources.  The  impact  of  radiation  can  be  tested  by  varying  the  susceptibility  to 
the  16  diseases  and  the  impact  of  the  emergency  situation  can  be  tested  by  varying 
the  intensity  of  person-to-person  contact.  A  master  control  card  specifies  the 
environmental  impact  common  to  the  various  parameters  for  each  disease.  A  disease 
table  specifies  these  parameters  for  each  disease  under  preattack  conditions.  The 
model  output  specifies  the  number  of  fatalities  and  the  consumption  of  medical  re¬ 
sources  by  5-day  periods. 
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IV.  CASE  STUDY 


New  Orleans,  Louisiana  (population  1,002,000)  was  chosen  as  Che  test  city  for 
the  Total  Emergency  Health  Care  System  Model  and  the  hypothetical  awtack  was  a 
surface  burst  by  a  1.5  MT  thermonuclear  weapon  approximately  9  miles  south  of  the 
center  of  the  city. 

The  number  and  type  of  injuries  expected  as  a  result  of  the  "test  case"  were 

2/ 

obtained  by  using  casualty  data  from  a  READY—  run  and  the  latest  Dikewood  injury 
3/ 

curves.—  Medical  supply  data  were  furnished  by  the  Public  Health  Service  and 
numbers  of  physicians  were  supplied  by  the  Office  of  Civil  Defense. 

Three  simulation  runs  through  the  model  provided  a  means  of  evaluating  the 
postattack  health  posture  of  New  Orleans  (in  terms  of  survivors  added)  under  three 
assumed  levels  of  medical  resources  (medical  personnel  and  supplies);  i.e.,  none 
available,  "best"  estimates  of  what  would  be  available,  and  the  required  amount  for 
treating  all  injured  at  the  preferred  treatment  level  (surgeon  team  level,  physician 
level,  allied  medical  personnel  level,  or  no-treatment  level). 

Conclusions  regarding  the  findings  of  the  New  Orleans  Case  Study  reported  in 
Chapter  4  are  as  follows: 

1)  Sophistication  of  existing  medical  support  systems  appears  to  have  little 

effect  in  terms  of  additional  survivors  during  the  first  60  days  postattack. 
With  the  best  estimates  of  the  medical  resources  available  in  New  Orleans, 
fatalities  resulting  from  the  processing  by  the  Immediate  Effects  Submodel 
were  estimated  to  be  some  48  percent  (185,000)  of  the  input  caseload 
(approximately  387,000  people  injured  by  the  weapon,  either  by  fallout  and/or 
by  direct  effects).  Processing  the  model  with  zero  medical  resources  and 
total  amount  for  the  casualty  caseload  resulted  in  49  percent  (188,000)  and 
47.5  percent  (184,000)  fatalities,  respectively,  among  the  input  caseload. 
Note,  however,  that  better  than  90  percent  of  the  fatalities  in  the 
New  Orleans  test  case  were  due  directly  or  Indirectly  to  fallout  and 
medical  care  did  not  affect  the  subsequent  deaths.  Thus,  the  conclusion 
of  this  case  study  was  that  the  medical  system  was  not  a  factor  since  an 
expanded  medical  system  would  be  able  to  decrease  deaths  among  the 
initially  surviving  injured  by  only  2  or  3  percent. 

2/  National  Resource  Analysis  Center,  offl.e  of  Emergency  Planning,  READY  1: 

Summary  Analysis,  Category  Hr"',  New  Orleans  SLA  With  Terrain  Shielding 
(unclassified).  Wsshington,  D.  C.:  Executive  Office  of  the  President 

1/ 

Davis,  L.  Wayne,  et^  aj_.  Prediction  of  Urban  Casualties  and  the  Medical  load 
From  a  High-Vteld  Nuclear  Burst.  Albuquerque,  N.  Mex.:  The  Dikewood 
Corporation,  December  1967. 
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2)  Medical  resources  become  far  more  critical  in  the  late  postattack  period 
for  the  nine  likely  disease  threat,  in  the  New  Orleans  area.  The  results 
of  the  Disease  and  Chronic  Conditions  Submodel,  using  maximum,  available, 
and  minimum  medical  resources,  indicate  that  deaths  from  disease  among  the 
population  surviving  the  first  60  days  postattack  were  2  percent,  4 
percent,  and  35  percent,  respectively. 

3)  The  critical  nature  of  the  medical  resource  problem  implies  that  careful 
deployment  and  prudent  conservation  are  needed  in  the  postattack  period 
if  the  devastating  impact  of  disease  threats  is  to  be  minimized. 
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V.  CONCLUSIONS  AND  RECOMMENDATIONS 


A.  Conclusions 

An  operational  two  phase  simulation  model  r> f  the  nuclear  postattack  total 
emergency  health  care  system  capable  of  examining  the  postattack  period  out  to 
one  vear  has  been  developed  and  tested.  The  Total  Emergency  Health  Care  System 
Model  provides  a  flexible  tool  for  examining  in  detail  the  health  and  medical  care 
problems  likely  to  exist  in  the  immediate  postattack  period  due  to  the  direct  effects 
casualties  (Phase  1)  and  in  the  late  postattack  period  because  of  disease  and 
chronic  conditions  (Phase  2).  The  model  is  currently  capable  of  studying  problems 
in  areas  as  large  as  a  metropolitan  area. 

Injured  casualties  serve  as  input  to  Phase  1;  Phase  1  survivors  and  the  uninjured 
population  are  input  to  Phase  2.  In  both  instances  a  range  of  medical  caseloads 
(injuries,  radiation  casualties  and  disease  victims)  and  resources  (personnel, 
supplies  and  facilities)  can  be  used  in  the  model.  Model  output  allows  examination 
in  detail  of  personnel  and  medical  sup; ly  utilization.  Postulated  alternative  systems 
can  be  compared  in  terms  of  survivors  added  by  various  strategies. 

B.  Recommendations 

Based  upon  the  findings  of  the  current  study,  it  is  recommended  that  further 
research  in  this  area  be  continued  to  (1)  improve  the  existing  Total  Emergency  Health 
Care  System  Model,  and  (2)  to  develop  an  tppropriate  model  for  study  of  large  geo¬ 
graphic  areas. 

1 .  Improvements  to  the  Existing  Emergency  Health  Care  System  Model 
a .  Input  Data  Cenerat ors 

The  existing  Emergency  Health  Care  System  Model  is  hampered  In  its 
application  because  of  the  time  and  effort  required  to  prepare  the  necessary 
detailed  casually  and  medical  reaource  input  data.  This  problem  can  be 
overcome  by  the  development  of  input  data  generators  for  casualties  and 
medical  resources.  Input  data  generators  are  in  effect  computer  programs 
which  facilitate  preparation  of  complex  data  for  ultimate  use  in  a 
separate  model. 

Currently,  casualty  input  data  for  the  model  must  be  hand  generated 
from  existing  ^acualty  assessment  programs  to  provide  detailed  injury 
estimates  bv  geographic  location.  This  operation  is  tedious  and  hampers 
application  of  the  model.  It  appears  feasible  to  develop  a  computer 
program  to  prepare  output  data  from  existing  damage  assessment  programs 
for  use  as  direct  inputs  to  the  Total  Emergency  Health  Care  System  Mode!. 
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The  existing  model  also  requires  detailed  Information  concerning  the 
existence  and  location  of  medical  resources  including  facilities, 
hersonnel  and  supplies;  presently  tnere  is  no  single  source  which  can 
provide  such  data.  It  does  app  t  ,  however,  that  by  accumulating  certain 
basic  medical  data  concerning  a  given  Metropolitan  area,  the  resources 
of  that  area  and  the  damage  from  a  range  of  nuclear  attacks  to  those 
resources  may  be  synthesized  by  a  computer  program  into  a  form  usable  by 
the  model. 

Accordingly,  it  is  recommended  that  future  work  include  the  development 
of  casually  and  medical  resource  input  generators  to  facilitate  further 
study  and  application  of  the  model, 
b .  Measures  of  Effectiveness 

There  are  many  practical  and  conceptual  problems  surrounding  the  use 
of  measures  of  effectiveness  in  computer  simulation  models-  While  such 
measures  are  obviously  needed  to  measure  system  response  to  various  situations 
being  depicted  by  the  model,  they  are  usually  incapable  of  fully  describing 
the  response.  The  effectiveness  measure  of  the  current  model  is  that  of 
simple  survivors  and  fatalities  that  are  produced  by  the  system.  It  is 
a  gross  but  nonetheless  effective  measure  of  the  ability  of  the  system  to 
handle  complex  interaction  of  demands  and  r<  'ces. 

It  follows  that  having  once  determined  the  number  of  survivors  which 
may  result  from  a  given  system,  consideration  should  be  given  to  the 
quality  of  survivorship.  It  is,  therefore,  recommended  that  appropriate 
measures  be  examined  which  are  capable  of  describing  the  survivor  in  terms 
of  productivity,  efficiency,  and  disability  in  a  postattack  period. 

* .  Development  of  an  Aggregate  Health  Care  Sys tea  Model 

The  current  Emergency  Health  Care  System  Model  is  designed  for  a  single 
city  application  and  is  not  necessarily  directly  applicable  to  studies  of  larger 
geographic  areas,  such  as  those  of  a  state,  regional  or  national  scale.  This 
is  due  primarily  to  the  necessary  assumption  that  all  hospital  capabilities  are 
located  in  one  "grid;"  i.e.,  the  smallest  geographic  area  in  the  simulation. 

For  example.  If  state  were  analyzed,  one  Standard  Location,  city,  or 
county  oould  be  assumed  to  contain  all  hospital  facilities.  The  validity  of 
this  assumption  relative  to  transportation  of  casualties  tc*  hospital  facilities 
is  questionable  when  an  area  larger  than  a  city  <s  almt-le* ed . 


The  methodology  and  implications  of  the  current  model  may  not  be  appropriate 
for  studies  of  a  state,  regional  or  national  basis  even  if  the  current  model 
was  "scaled  up"  to  evaluate  such  larger  geographic  areas.  Therefore,  it  is 
recommended  that  a  complete  and  independent  analysis  be  made  within  the 
existing  state-of-the-art  of  the  possibilities  of  modeling  the  postattack 
health  and  medical  problems  for  geographic  areas  larger  than  a  single  city. 

Such  a  study  should  include,  development  of  parameters  important  to  national 
survival  and  individual  implications  of  a  city  by  city  analysis  integrated 
into  a  study  of  larger  geographic  areas. 
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Chapter  2 


Immediate  Effects  Submodel 

I ,  INTRODUCTION 


In  the  earlier  study,  a  model  was  programmed  and  debugged  which  can  be  used  to 
determine  the  effectiveness  of  alternative  medical  support  systems  in  the  first  30 
hours  of  the  postattack  period.  This  model  did  not  account  for  the  continuing  load 
placed  on  the  system  by  medical  care  following  the  initial  treatment.  The  Immediate 
Effects  Submodel  developed  under  the  current  contract  was  improved  and  is  capable  of 
describing  all  essential  elements  of  a  medical  support  system  out  to  a  period  of  bO 
days  postattack.  It  is  capable  of  examining  the  final  prognosis  of  the  direct 
effects  and  radiation  casualties  using  varving  levels  of  medical  resources;  i.e., 
maximum,  estimated  available,  and  zero  numbers  of  medical  personnel  and  supplies. 

The  submodel  simulation  program  operates  in  the  following  manner.  A  community 
is  considered  to  consist  of  several  geographical  areas  called  grids.  One  of  the 
grids  is  the  hospital  grid;  i.e.,  it  contains  the  total  hospital  capability  of  the 
community.  A  treatment  table,  consisting  of  prognosis  data  and  treatment  times  for 
the  injuries  that  are  to  be  considered  in  the  simulation  run,  is  input  into  the 
computer's  memory.  Available  resources  for  the  particular  area  under  study  are 
applied  to  the  casualties  in  the  order  of  their  preassigned  priorities  for  treatment. 
Provision  is  made  for  the  treatment  level  to  be  altered  depending  upon  the  availability 
of  personnel.  Based  ^n  the  level  of  available  medical  resources,  the  appropriate 
prognoses  are  applied  to  the  injured,  estimated  deaths  and  survivors  are  recorded, 
and  the  available  resources  are  allocated.  Each  grid  is  processed  using  resources 
within  the  grid  and  then  transfers  of  selected  casualties  are  made  to  the  hospital 
grid  from  the  non-hospital  grids  for  processing.  Casualties  surviving  at  the  end 
of  60  days,  as  well  as  non-lnjured  survivors,  are  input  for  the  Disease  and  Chronic 
Conditions  Submodel. 
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II.  SUBMODEL  INPUT  AND  OUTPUT  DATA 


A.  General 

The  Immediate  Effects  Submodel  describes  all  essential  elements  of  a  medical 
support  system  in  a  single  locality,  such  as  a  city  or  county.  In  this  simulation, 
the  measure  of  effectiveness  of  the  medical  support  system  was  taken  to  be  survivors 
added  by  the  medical  system.  The  inputs  are  the  casualty  types  and  numbers  resulting 
from  a  specified  attack  and  various  levels  of  medical  resources  (personnel,  facilities, 
and  supplies);  the  output  is  survivors.  Another  practical  output,  at  the  option  of 
the  user,  may  include  utilization  of  medical  personnel,  and  other  specified  resources-^ 
(e.g.,  hospital  facilities  and  pharmaceutical  supplies). 

Figure  2,  Basic  Inputs  and  Outputs  of  the  Immediate  Effects  Submodel  of  the 
Total  Emergency  Health  Care  System  Model,  summarizes  the  planner  inputs  needed  and 
submodel  outputs  which  are  provided.  These  are  discussed  in  detail  in  the  following 
sections. 


Fig.  2.  Basic  Inputs  and  Outputs  of  the  Immediate  Effects  Submodel. 


A  glossary  of  terms  used  to  describe  the  essential  items  and  events  of  this 
submodel  will  be  found  in  Appendix  A, 
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The  injury  caseload  is  prepared  m;  nually  for  input  to  the  model.  Each 
injury  is  defined  in  sufficient  detail  to  allow  specification  of  care  require¬ 
ments  and  prognoses  under  a  variety  of  treatment  options,  as  described  further 
below. 

1c  was  originally  anticipated  that  detailed  information  v'-ld  be  available 
for  input  data  from  ongoing  studies  concerning  specific  '•ypes  of  injuries  as  a 
function  of  shielding  and  weapon  parameters,  rtowever,  these  studies  were  not 
sufficiently  advanced  to  provide  the  required  data  during  the  course  of  this 
stud  /. 

"ci  case  studies  with  the  model,  injury  data  are  developed  using  a 
postulated  burn  and  mechanical  injury  spectrum,  Dikewood  casualty  curves,—^*  — 
and  assumptions  regarding  resident  construction  and  population.  Protection  data 
(shielding  posture)  and  the  population  data  base  are  developed  from  conventional 
sources  (National  Fallout  Shelter  Survey,  U,  S.  Bureau  of  the  Census  Data,  the 
OCD  Five-City  Study,  Community  Shelter  Plans,  etc.).  An  example  of  injury  data 
preparation  for  processing  by  the  model  is  contained  in  Chapter  4  and  Appendix  D. 

2 .  Medical  Resources 

Estimates  of  surviving  medical  personn  :1  and  supplies  are  also  prepared 
manually  by  the  user  through  the  application  of  damage  assessment  techniques 
to  preattack  personnel  and  supplies.  An  example  of  this  is  also  contained  in 
Chapter  4. 

3.  Prognoses 

A  medical  prognosis  is  required  for  each  injury.  The  prognosis  is  an 
estimate  of  the  probability  of  death  from  an  Injury  as  a  function  of  both  the 
kind  of  treatment  employed  and  the  time  delay  before  treatment.  Prognosis 
data  estimates  for  the  injuries  used  in  the  model  are  presented  in  Appendix  B. 
Numerical  values  were  estimated  by  Dr.  Warner  Wells  of  the  University  of  North 
Carolina  School  of  Medicine. 


Davis,  W. ,  et  a  1 ,  Development  of  Typical  Urban  Areas  and  Associated  Casualty 
Curves ■  Albuquerque,  N.  Mex. :  The  Dikewood  Corporation,  1965. 

Davis,  W.  ,  et  al .  Prediction  of  Urban  Casualties  ;imedlate  Effects  of 

a  Nuclear  Attack.  Albuquerque,  N.  Mex.:  The  Dikewoou  oration,  1963. 


The  prognosis  for  each  injury  as  a  function  of  time  takes  the  general 
form  illustrated  in  Figure  3. 
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Fig.  3.  Injury  Prognosis 

As  can  be  seen,  the  prognosis  function  is  composed  of  three  segments: 

(1)  time  zero  to  T  ,  during  which  a  specified  treatment  is  maximally  effective 
and  probability  of  mortality  is  lowest;  (2)  T.  to  Tmaxi  during  which  the 
prognosis  steadily  decreases;  and  (3)  beyond  T  when  the  probability  of  death 
with  treatment  equals  that  with  no  treatment  (typically  Traax  =  2  x  T^) . 

4.  Preferred  and  Actual  Level  of  Treatment 

Several  "levels"  of  treatment  are  available  in  the  model.  These  include 
surgical  teams,  physicians,  allied  medical  personnel,  or  no-treatment. 

One  of  these  defined  levels  of  treatment  is  specified  as  the  "preferred" 
treatment  for  each  injury  type  (see  Appendix  B).  The  preferred  treatment  is 
the  lowest  level  which  will  not  greatly  reduce  the  chances  for  survival  of  the 
injured  person. 

Availability  of  personnel  and  supplies  affects  the  actual  treatment  provided 
to  the  injured  in  the  model.  Thus,  it  was  necessary  to  establish  as  input  a 
table  of  the  decision  rui.es  and  alternative  prognoses  for  various  treatment 
options  for  each  of  the  Injury  types  considered.  The  decision  rules  specify 
for  each  injury  type  (1)  the  preferred  treatment  and  (2)  alternatives  to  be 
used  when  the  preferred  treatment  is  not  available. 


As  demands  for  treatment  exceed  the  number  of  medical  personnel  available  and 
waiting  lines  form,  the  time  which  a  casualty  must  wait  for  treatment  increases. 

The  program  calculates  the  waiting  times;  if  it  exceeds  (that  initial  period 
during  which  a  delay  in  treatment  does  not  alter  survival  probabilities),  then  the 
prognosis  under  conditions  of  delayed  treatment  is  calculated.  This  prognosis  is 
compared  with  the  prognosis  calculated  using  the  level  of  care  downgraded  to  the 
next  lower  level.  If  the  probability  of  death  is  less  using  the  lower  level  of 
care — which  may  be  the  case  if  the  lower  level  of  care  will  be  available  sooner — 
the  casualty  is  assigned  to  the  next  lower  level  of  care. 

The  procedure  is  illustrated  in  Fig.  Assume  the  calculated  time- to- treatment 
under  the  preferred  level  (physician  care)  is  Tp,  with  corresponding  prognosis  Pp. 
Since  Tp  >  T^,  prognosis  under  the  downgraded  level  (allied  medical  personnel) 
is  then  determined  using  T^  (time-to-treatment  by  allied  medical  personnel);  if 

<  p  ,  then  treatment  is  provided  by  allied  medical  personnel  outBide  the  hospital. 
If  this  downgraded  level  is  also  saturated  to  a  point  where  the  prognosis  cannot  be 
improved  by  downgrading,  the  next  higher  quality  of  treatment  level  is  examined. 

If  all  alternate  levels  of  care  are  saturated  to  a  time  greater  than  T  ,  the 
injured  are  transferred  to  the  hospital. 


Probability 
of  Death  (P) 


Fig.  A.  Injury  Prognosis  for  Two  Levels  of  Treatment  (Physician 
Care  is  the  Preferred  Treatment  in  this  Example). 


2-5 


In  the  hospital,  injured  are  treated  at  the  preferred  level  of  treatment 
unless  that  level  is  saturated.  In  these  cases,  alternatives  are  examined  as 
above. 

5.  Priority  Rule 

4/ 

An  essential  aspect  of  disaster  medical  treatment  is  triage—  ,  the  sorting 
of  the  injured  into  categories  according  to  treatment  priorities.  Effective 
triage  will  increase  the  number  of  survivors  subject  to  the  constraints  of 
limited  medical  resources. 

The  approach  to  triage  in  this  study  involved  consideration  of  AP^  (the 
degradation  in  probability  of  survival  owing  to  downgraded  care),  (time 
required  for  treatment)  and  (the  time  period  during  which  delay  of  treatment 
does  not  degrade  the  prognosis).  A  highest  priority  patient  would  be  one  with 
minimal  T^  and  TT,  and  maximum  AP^.  The  priority  function,  which  ranks  injury 
categories  in  order  of  priority  for  treatment  within  each  preferred  treatment 
level,  is: 


Treatment  Priority  ■  - - —  y-  ;  high  values  mean  high  priority  (1) 

im  T  for  treatment. 

Priority  values  associated  with  each  injury  will  be  found  in  Appendix  B. 

C.  Output  Data 

The  submodel  output  contains  the  following  information  for  each  grid  (including 
the  hospital  grid)  and  for  the  total  comaunity. 

1)  The  number  of  injured  (including  fallout)  by  preferred  treatment  levels. 

2)  Treatment  actually  furnished  to  the  injured;  e.g.,  level  of  medical  treat¬ 
ment  with  or  without  supplies,  downgraded  treatment,  upgraded  treatment,  no 
treatment,  and  sent  tc  hospitals. 

3)  Disposition  of  casualties  (survivors  or  fatalities). 

4)  Medical  treatment  packages  initially  available,  used,  and  remaining. 

5)  Medical  personnel  hours  available  and  the  hours  used  for  each  treatment 
level. 

Details  concerning  the  precise  use  of  input  cards  and  examples  of  output  format 
for  the  Immediate  Effects  Submodel  are  presented  in  Appendix  D  and  in  Chapter  4. 


"Development  and  Recommendation  of  Criteria  Needed  as  a  Basis  for  a  National 
Emergency  MeJical  Care  Plan  Under  Terms  of  Contract  No.  CD-SR-58-1."  Annex  H. 
Chicago:  American  Medical  Association,  1457. 
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III.  SU IWODEL  ORGANIZATION  AND  LOGIC 


A.  General 

This  section  describes  the  basic  information  flow  through  the  Icmediate  Effects 
Submodel  and  the  logic  with  which  the  model  uses  this  information  to  simulate  the 
treatment  of  immediate  effects  casualties.  Certain  aspects  of  the  simulation  logic 
are  complex  enough  to  warrant  special  emphasis;  these  include  triage,  "downgrading", 
and  the  "priority"  logic  for  follow-on  treatment.  The  overall  logic  is  described  in 
sufficient  detail  to  provide  the  reader  with  a  working  knowledge  of  all  of  the  major 
decisions  and  logical  loops  used  in  the  Immediate  Effects  Submodel. 

B.  Functions  of  the  Submodel 

The  Immediate  Effects  Submodel  is  designed  to  perform  the  following  functions: 

1)  Treat  the  casualties  resulting  from  a  nuclear  attack,  according  to  treatment 
priority  rules  and  available  level  of  treatment  (preferred  and  actual)  and 
by  subdivision  of  the  district  under  study  (grid). 

2)  Record  the  consumption  of  medical  treatment  packages  and  of  personnel  time 
in  the  treatment  of  casualties,  by  subdivision  of  the  district  under  study 
(grid). 

3)  Determine  and  record  the  numbers  of  deaths  resulting  at  all  levels  of  treat¬ 
ment  (preferred  and  actual)  according  to  the  stated  rules  and  probabilities, 
subject  to  the  availability  of  supplies  and  personnel  in  the  initial  treat¬ 
ment  phase  and  the  follow-on  phase. 

4)  Indicate  the  number  of  casualties  for  which  supplies  of  medical  supply 
packages  are  not  available. 

5)  After  storing  the  death  figures  of  a  base  run,  indicate  for  each  subsequent 
run  the  number  of  survivors  added  by  changes  in  the  disposition  of  personnel 
and  supplies. 

6)  Identify  bottlenecks  in  medical  personnel,  drugs,  and  supplies  which  cause 
cessation  of  required  follow-on  treatment  to  casualties. 

C.  Submodel  Logic 

1 .  Data  Flew 

A  highly  simplified  version  of  the  logic  for  the  simulation  model  is  shown 

in  Figure  5  and  is  described  bel<*i  (see  Appendix  C  for  a  detailed  flow  chart  of 

the  Insaediate  Effects  Submodel). 

Step  1.  The  simulation  run  is  initiated  by  reading  in  a  Master  Control  Card 
and  a  Treatment  Table.  The  parameters  on  the  Master  Control  Card  Indicate 
the  duration  of  Phase  I  initial  treatment  (in  hours)  and  the  duration  of 


Slep  1 


Fig.  3.  laaediate  Effects  Submodel  Flow  Chart 
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Phase  II  initial  treatment  (in  days).  The  first  phase  of  the  initial  treat¬ 
ment  begins  at  the  time  the  first  casualties  report  for  treatment  and 
continues  throughout  the  30  hour  period  during  which  treatment  personnel  are 
available  on  duty  continually  and  without  rest.  During  Phase  II  of  the 
initial  treatment  (from  30  hours  up  to  60  days  postattack),  medical  personnel 
are  assigned  on  a  half-time  basis  (i.e.,  12  hours  per  day). 

The  Treatment  Table  contains  a  description  of  each  injury  and  the  rules 
regarding  the  disposition  of  casualties  with  that  injury  (Appendix  B).  This 
descriptive  data  includes: 

1)  The  injury  code  number. 

2)  The  time  in  hours  needed  to  treat  a  casualty  suffering  from  this 
injury. 

3)  The  time  period  in  hours  following  which  treatment  no  longer  will 
be  effective. 

4)  The  initial  period  in  hours  during  which  delay  in  providing  treat¬ 
ment  does  not  Increase  the  probability  of  death. 

5)  The  code  nixnber  (1  through  16)  of  the  medical  treatment  package 
prescribed  for  this  injury. 

6)  The  level  of  treatment  (1  through  4)  proper  for  this  injury. 

7)  The  differential  by  which  the  probability  of  death  is  increased  by 
downgrading  treatment  to  the  next  lower  level  of  personnel. 

8)  The  differential  by  which  the  probability  of  death  is  Increased  by 
travel  to  the  hospital  through  fallout,  etcr 

9)  The  probability  of  death  if  treatment  Is  given  isenediately . 

10)  The  probability  of  death  if  treatment  is  not  given. 

The  length  of  the  time  by  which  earlier  treatment  at  the  next  lower 
level  would  result  in  a  lower  probability  of  death  is  calculated  for  each 
injury  code  number  at  the  same  time  that  the  Treatment  Table  Is  read  Into 
storage. 

Step  2.  Resource  and  Casualty  data  cards  are  read  into  the  simulation  pro¬ 
gram.  These  data  describe  each  batch  of  casualties  reporting  to  an  Emergency 
Treatment  Center  and  Indicate  the  resources  (personnel  end  supplies)  avail¬ 
able  for  treating  these  casualties. 

Step  3.  For  every  grid  the  model  first  considers  the  injury  category  with 
the  highest  priority,  then  the  next  highest,  etc.,  and  applies  the  indicated 
level  of  preferred  treatment. 

Step  4.  If  no-treatment  ia  the  preferred  level  of  treatment  (either  because 
the  injury  ia  minor  or  very  severe),  the  proper  prognosis  is  applied  and 

This  option,  although  available  in  the  model,  wee  not  uamd  because  of  the  present 
level  of  knowledge  concerning  the  noxious  effecte  of  trenspor tat  ion  under  these 
c  1  rebalances . 
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entries  are  made  in  the  appropriate  records. 

Ste£_5.  If  a  surgical  team  is  the  preferred  level  of  treatment,  the  cases 
located  in  a  nonhospital  grid  are  inmediately  transferred  to  the  hospital 
sincj  surgical  teams  are  only  available  in  the  hospital  grid.  This  model 
assumes  that  there  are  no  travel  restrictions  between  nonhospital  grids 
and  the  hospital;  e.g.,  vehicles  and  fuel  are  available,  roads  are  negotiable, 
etc. 

Step  6.  If  the  case  is  to  be  treated  within  the  grid  (hospital  or  non- 
hospital),  the  model  first  determines  whether  or  net  personnel  are  available 
at  the  preferred  level. 

Step  7.  If  personnel  are  not  available  at  the  preferred  level,  a  check  is 
made  for  persons  at  the  next  lower  treatment  level. 

Step  8.  If  personnel  are  not  available  at  the  lower  level,  a  check  is  made 
for  the  availability  of  higher  level  personnel. 

Step  9.  If  all  three  levels  are  not  available  and  the  pati»nt  is  not  already 
in  a  hospital,  the  case  is  transferred  to  the  hospital.  If  all  three  levels 
are  not  available  in  a  hospital  grid,  no  formal  treatment  is  applied.  A 
lower  level  of  care  than  the  preferred  level  degrades  the  prognosis;  a  higher 
level  leaves  the  prognosis  unchanged. 

Step  10.  After  the  level  at  which  treatment  will  be  administered  is  deter¬ 
mined,  a  check  is  made  for  the  availability  of  supplies. 

Step  ?1.  If  personnel  and  appropriate  supplies  are  available,  the  prognosis 
is  applied. 

Step  12.  If  treatment  is  to  be  given  without  prescribed  supplies,  the  prog¬ 
nosis  associated  with  the  treatment  level  is  reduced  to  a  point  midway 
between  the  prognosis  with  supplies  and  that  with  no  treatment.  An  option 
available  In  the  step  provides  that  if  the  required  medical  supplies  are 
exhausted,  designated  casualty  categories  are  transferred  to  the  hospital. 
Step  13.  After  applying  the  prognosis  inoicated  in  either  Step  11  or 
St<*p  12  above,  deaths  are  recorded,  supplies  are  depleted,  and  personnel  tine 
clocks  sre  advanced  to  record  the  times  spent  in  treatment. 

After  all  nonhospital  grids  have  bsen  processed  through  the  model,  the  hos¬ 
pital  transfers  are  analysed  by  separate  runs  through  the  same  program  logic. 

The  model  is  further  designed  to  store  the  fatality  figures  resulting  from 
the  first  simulation  run  so  that  the  difference  between  these  and  the  number* 
of  fatalities  produced  by  alternative  eaterg^r.cy  medical  systems  can  be  calculated 
and  printed  as  the  "NUMBER  OF  ADDED  SURVIVORS". 
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Decision  Rules 


Decision  rules  built  into  the  model  include: 

1)  Casualties  for  whom  the  preferred  level  of  treatment  is  "no  formal 
treatment"  consume  neither  supplies  nor  personnel  time;  therefore, 
the  probability  of  death  without  treatment  is  applied  to  them.  No 
formal  treatment  has  been  designated  as  Treatment  Level  1  in  the  model. 

2)  Casualties  arising  in  a  nonhospital  grid  and  requiring  surgical  team 
treatment  (Treatment  Level  2)  are  transferred  to  the  hospital  grid. 

Aa  previously  discussed,  this  transfer  process  increases  their  proba¬ 
bility  of  dear1!.  When  the  waiting  time  required  for  surgical  team 

treatment  in  the  hospital  exceeds  the  T  time  period  for  the  casual- 

max 

ties,  the  probability  of  death  with  the  added  differential  for 
downgraded  treatment  by  physicians  is  considered.  If  the  probability 
of  death  associated  with  immediate  treatment  by  physicians  Is  lower 
than  that  associated  with  delayed  surgical  team  treatment,  the  pre¬ 
ferred  treatment  level  is  downgraded  from  Level  2  (surgical  teams)  to 
Level  3  (physicians).  There  is  no  provision  for  seeking  a  lower 
probability  of  death  by  further  downgrading  to  Level  4  (allied  medical 
personnel) . 

3)  Treatment  level  3  casualties  are  treated  by  physicians  unless  down¬ 
graded  treatment  by  allied  medical  personnel  is  aval,  able  at  a  lower 
probability  of  death  because  it  can  be  applied  sooner. 

4)  Treatment  Level  4  casualties  are  attended  by  allied  medical  personnel 
and  downgrading  is  not  possible. 

5)  For  Treatment  Levels  2,  3  and  4,  the  first  step  is  to  check  the 
Inventory  of  nediral  treacme>*.  packages  in  the  Fmergency  Treatment 
Center  c.r  hospital.  The  inventory  is  reduced  by  the  quantity  which 
will  be  ccnsisaed  in  treating  the  batch  tor  part  of  the  batch).  The 
casualties  for  whom  medical  treatment  packages  are  not  available,  if 
not  transferred  to  the  hospital  (a  decision  entered  in  the  Treatment 
Table),  are  segregated  to  be  attended  by  appropriate  medical  personnel 
but  with  an  increased  possibility  of  death.  A  record  Is  made  of  the 
number  of  casualties  lacking  supplies  which  indicates  whether  or  not 
they  -ere  transferred  to  the  hospital  for  this  reason. 

6)  In  cases  where  lack  of  personnel  at  a  treatment  level  (other  then 
surgical  team)  precludes  the  possibility  of  treatment  at  that  level, 
the  possibility  cf  finding  personnel  available  at  a  higher  level  is 
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investigated.  This  upgrading  is  limited  to  the  next  higher  level 
and  does  not  change  the  probability  of  death. 

7)  At  all  treatmen.  levels  in  nonhospital  grids,  when  it  is  determined 
that  treatment  will  not  be  given  because  personnel  are  not  available 
or  downgrading  is  not  feasible,  the  batch  or  part  of  the  batch  is 
transferred  to  the  hospital.  Similarly,  in  the  case  of  the  hospital, 
the  casualties  are  consigned  to  the  untreated  category  and  the  proba- 
billty  of  death  without  treatment  is  applied  in  the  absence  of  treatment 
personnel.  In  both  cases,  whatever  supplies  were  removed  from  inventory 
in  anticipation  of  treating  these  casualties  are  returned. 

8)  All  casualties  whose  treatment  can  be  started  within  the  time  period 
To  ~  have  applied  to  their  group  the  probability  of  death  with 
immediate  treatment, 

9)  Casualties  whose  treatment  can  be  started  only  after  the  time  period 
Tmax  have  applied  to  their  group  the  probability  of  death  without 
treatment. 

10)  Casualties  whose  treatment  is  started  during  the  period  T.  -  T 

6  r  im  max 

receive  the  average  probability  of  death  (the  probability  at  the  mid¬ 
point  of  the  time  span  required  to  treat  the  entire  batch). 

11)  Casualties  who  receive  attention  from  medical  personnel  but  without 
the  proper  medical  treatment  r~~kages  have  the  probability  of  death 
increased  to  the  point  halfway  between  that  probability  already  deter¬ 
mined  by  the  rules  stated  above  and  the  probability  if  death  without 
treatment. 

12)  In  every  case  where  a  differential  is  added  to  a  probability  of  death, 
the  probability  of  death  without  treatment  is  the  maximum  to  which  it 
may  be  increased. 
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Chapter  3 


Disease  and  Chronic  Conditions  Submodel 


I.  INTRODUCTION 

This  Chapter  is  concerned  with  the  Disease  and  Chronic  Conditions  Submodel  of 
the  Total  Emergency  Health  Care  System  Model.  This  submodel  is  designed  to  model 
the  generation  and  effects  of  likely  disease  threats  for  a  period  of  about  one  year 
postattack. 

The  health  problems  considered  in  this  Chapter  are  those  that  begin  several 
days  after  the  attack — when  the  acute  medical  problems  associated  with  the  immediate 
effects  cf  the  attack  are  subsiding — and  end  a  year  after  the  attack.  In  order  to 
determine  precautionary  measures  that  would  best  promote  health  in  this  period, 
attention  was  limited  to  diseases  which  can  cause  death  in  that  time.  Preventable 
deaths  were  thus  used  as  a  sing'a  criterion  in  predicting  the  effects  cf  any  such 
measures. 

Two  classes  of  disease  were  considered  with  regard  to  health  problems  arising 
during  this  postattack  phase;  i.e.,  communicable  diseases  and  nonconmunicable  or 
chronic  diseases. 

This  Chapter  touches  only  briefly  on  disease  threats  during  the  immediate  effects 
period,  as  this  has  been  previously  studied.  Life-threatening  health  problems  in  the 
Immediate  Effects  Phases  will  be  relatively  Insignificant.—^  There  will  be  little 
opportunity  for  disease  to  be  introduced  and  insufficient  time  for  most  life- 
threatening  diseases  to  produce  secondary  infections  (other  than  high  prevalence  of 
upper  respiratory  infections).  Life  threats  will  largely  apply  to  Infants,  the 
elderly,  and  the  infirm  during  this  phase.  Thus,  the  estimations  of  loss  of  life 
due  to  postattack  disease  and  chronic  conditions  were  limited  to  the  period  beginning 
30  days  after  the  attack. 

Insight  into  the  following  kinds  of  questions  can  be  provided  by  this  submodel. 

1)  What  is  the  sensitivity  of  the  number  of  survivors/nonsurvivors  to  varying 
strategies  of  the  distribution  of  stock  piled  medical  supplies  between  the 
Immediate  Effects  Period  and  Disease  and  Chronic  Conditions? 

2)  What  is  the  sensitivity  of  the  number  of  survivors/nonsurvivors  to  varying 
strategies  of  strict  quarantine  enforcement  resulting  in  the  elimination 


Herzog,  W.  T.  Emergency  Health  Problems  Study,  Final  Report  R-OU-106.  Durham, 
North  Carolina:  Research  Triangle  Institute,  July  31,  1963. 
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of  the  more  esoteric  diseases;  e.g.,  smallpox  and  plague? 

3)  What  is  the  effect  of  increasing  the  numbers  of  medical  personnel  ai.d/or 
medical  supplies? 

4)  To  what  extent  do  various  levels  of  fallout  radiation  and  decontamination 
affect  the  number  of  survivors? 

5)  What  are  the  bottlenecks  in  epidemic  prevention? 
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II.  BACKGROUND 


A.  Introduction 

The  background  material  which  follows  in  this  section  is  largely  a  review  of  the 

2/ 

relevant  measures  and  outcomes  developed  in  the  previous  contract  (PH-86-65)—  ,  which 
formed  an  integral  base  for  the  modeling  efforts  described  in  Section  V. 

A  first  approximation  of  the  scope  and  magnitude  of  the  communicable  disease 
problem  was  obtained  by  the  following  two-step  process: 

1)  Elimination  of  all  infectious  diseases  unlikely  to  contribute  markedly  to 
death  during  this  period.  This  reduced  the  number  of  relevant  diseases  to 
sixteen. 

2)  An  exhaustive  literature  survey  that  led  to  the  estimation  of  three  factors 
for  each  of  the  sixteen  diseases:  (a)  the  probability  that  there  is  a  focus 
of  the  infectious  organisms  in  a  reference  population  of  20,000;  (b)  the 
fraction  of  this  population  expected  to  contract  the  disease  under  the  spec¬ 
ified  conditions;  and  (c)  the  case  fatality  rate  under  these  conditions. 
Fatalities  were  estimated  by  multiplication  of  these  three  factors. 

A  similar  procedure  was  also  used  in  studying  noncommunicable  or  chronic  diseases: 
(1)  limiting  the  study  to  the  ten  disease  classes  expected  to  contribute  most  to 
postattack  fatalities,  and  (2)  estimating  fatalities  by  multiplying  expected  postattack 
prevalence  with  preventable  case  fatality  rates. 

The  resulting  fatality  figures  show  that  the  estimated  preventable  death  rate 
from  non-communlcable-and-chronic  diseases  is  certainly  small  as  compared  with  the 
communicable  disease  threat. 

B.  Approach 

Although  the  goals  of  a  normal  peacetime  health  system  are  to  provide  total  well 
being,  they  are  more  modest  in  an  austere  postattack  environment.  The  initial  measure 
of  effectiveness  chosen  was  survival.  Further,  no  distinction  was  made  among  survi¬ 
vors — young,  old,  male,  female,  etc.  Each  type  contributes  one  unit  to  the  measure 
of  effectiveness  chosen.  It  was  concluded  that  later  improvements  might  recognize 
man-days  lost  due  to  illness,  permanent  disability,  etc. 


Hallan,  J.  B.,  J.  L.  Colley,  W.  L.  Wells,  R.  S.  Titchen,  C.  N.  Dillard,  and 
A.  V.  Alhadeff.  Review  and  Evaluation  of  the  National  Emergency  Health 
Preparedness  Program  -  Final  Sommary  Report.  R-OU-209.  Research  Triangle 
Institute,  Research  Triangle  Park,  N.  C.,  30  November  1966. 
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The  problem  was  severely  constrained  initially  in  order  to  obtain  rapidly  some 
approximate  results  which  might  later  be  refined.  This  initial  simplification  was 
as  follows: 

1)  Attention  was  limited  to  diseases  which  can  cause  death  in  the  first  year. 
This  ruled  out  veneral  diseases  and  tuberculosis  (new  cases),  since  only 
in  rare  cases  (among  the  very  old  and  the  very  young)  does  death  ensue  in 
less  than  one  year.  This  simplification  also  excluded  deficiency  diseases 
(scurvy  is  the  only  one  which  has  a  significantly  high  fatality  rate). 
Starvation  and  death  due  to  thirst  were  ignored  as  they  are  improbable 
except  in  isolated  instances. 

2)  The  effects  of  radiation  (alone  or  combined  with  disease)  were  ignored 
initially  because  the  synergistic  effects  of  radiation  and  disease  are 
much  less  well  known  than  either  alone. 

3)  The  hypothesis  was  made  that  a  small  number  of  diseases  (communicable  alone, 
non-communicable  alone,  or  both)  account  for  the  majority  of  the  postattack 
threat  to  life.  The  screening  method  used  to  identify  this  sraal 1  number  is 
described  later.  This  procedure  concentrated  the  efforts  of  the  project's 
medical  consultants  on  these  few  diseases  (16  communicable  and  less  than  a 
dozen  non-communicable  and  chronic;  see  Tables  I  and  II  on  Pages  3-8  and 
3-9,  respectively).  Support  for  this  hypothesis  can  be  found  in  Figure  6, 
which  compares  the  frequencies  of  causes  of  death  in  countries  with 
variable  health  environments.  The  number  of  causes  required  to  reach  any 
percentage  of  the  total  deaths  is  greater  under  more  primitive  conditions. 
However,  even  in  the  U.  S.  in  1900,  six  causes  account  for  50  percent  of 
the  total.  This  listing  of  the  diseases  in  Figure  6  is  found  in  Appendix  E. 


Sources:  Sartwell,  Philip  E.,  ed.  Maxy-Rosenau :  Preventive 
Medicine  and  Public  Health,  9th  Edition.  New  York: 
Appleton-Century-Crofts ,  1965,  p.  507. 

National  Office  of  Vital  Statistics,  Vital  Statistics 
of  the  United  States,  1964.  Washington,  D.  C. :  U.S. 
Government  Printing  Office,  1966,  Vol.  1,  Section  1, 
p.  16. 

Statistical  Office  of  the  United  Nations,  Demographic 
Yearbook,  1963.  New  York:  United  Nations,  1964,  pp, 
592  and  609, 


Fig.  6.  Cumulative  Frequency  Distribution  of  Total  Deaths  by 
Fifteen  Leading  Causes  of  Death  in  the  United  States, 
Nigeria,  and  Portugal.  (Note:  See  Appendix  E  for  a 
listing  of  the  specific  fifteen  causes  of  death  for 
each  country.) 


C.  Communicable  Disease 


1.  Ceneral  Background 

Although  che  great  causes  of  death  In  the  United  States  today  are  no  longer 
communicable  disease,  history  furnishes  ample  evidence  that  these  can  be  signif¬ 
icant  threats  to  health  and  to  life  under  primitive  conditions  and  therefore,  must 
be  considered  a  potential  threat  in  the  disrupted  postattack  world.— ^  —  *  ~ 

It  appears  that  mathematical  modeling  of  disease  spread  is  not  possible  a 
priori ;  rather  the  models  may  be  (and  have  been)  used  to  fit  an  observed  epidemic, 
and  thence  to  estimate  the  parameters  characterizing  the  disease.  Theory  does, 
however,  provide  a  framework  in  which  to  think  systematically  of  the  problem. 

The  following  three  basic  modes  of  disease  spread  have  been  observed  by  epidemi¬ 
ologists  over  the  years;  and  may  be  considered  as  derivatives  from  the  mathe¬ 
matical  theory  of  epidemics! 

1)  Man-to-man  (e.g.,  influenza). 

2)  Food-  or  water-to-man  (e.g.,  botulism). 

3)  Vector-to-man  (e.g.,  plague  via  rat  fleas). 

There  is  a  fourth  class  that  is  considered  to  be  of  far  less  importance  in 
this  study;  i.e.,  the  organism  has  a  significant  lifetime  outside  a  living  host, 
and,  hence,  may  be  thought  of  as  being  present  in  the  environment  (tetanus). 
However,  in  considering  all  four  of  these  classes,  it  must  be  emphasized  that 
some  diseases  have  more  than  one  mode  of  transmission. 

The  number  of  fatalities  resulting  from  these  diseases  can  be  estimated  by 
the  following  formula: 


Probability  of 

“  m 

Expected  number 

Case  fatality 

Expected 

a  source  of  the 

of  the  group 

rate  under 

number 

infectious  organism 

X 

contracting  the 

X 

the  specified 

- 

of 

in  the  local  en¬ 

disease  under 

conditions 

fatalities 

vironment 

the  specified 

■  - 

m  m 

conditions 

Ackerknecht,  F.rwin  H.  History  and  Geography  of  the  Moat  Important  diseases. 

New  York:  Hafner  Publishing  Company,  1965. 

Mitchell,  H.  H.  Survey  of  the  Infectious  Disease  Problem  as  it  Relates  to 
the  Postattack  Environment.  RM-5090-TAB.  Santa  Monica,  Calif.:  The  RAND 
Corporation,  August  1966. 

Mitchell,  H.  H.  Plague  in  the  United  States;  An  Aaaesament  of  Its  Significance 
as  a  Problem  Following  a  Thermonuclear  War.  RM-4968-TAB.  Santa  Monica,  Calif.: 
The  RAND  Corporation,  June  1966. 
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This  concept,  by  itself,  is  useful  in  structuring  the  problem  by  identify¬ 
ing  the  impact  of  a  particular  preventive  measure  or  treatment.  Additional 
principles  are  known  which  aid  ir  estimating  the  threat.  These  details  are 
discussed  in  Appendix  F. 

2.  Results  of  Initial  Screening 

An  initial  four-step  screening  procedure  was  conducted  to  obtain  a  small 
list  of  potentially  critical  diseases  for  more  detailed  analysis.  The  factors 
considered  were  those  discussed  previously,  and  summarized  by  Equation  (1). 

From  a  list  of  126  communicable  diseases  or  disease  groups  cited  in  Gordon^ , 
diseases  were  eliminated  as  follows: 

1)  Those  which  are  not  endemic  to  the  United  States;  e.g.,  loiasis  and  yaws. 
This  was  equivalent  to  eliminating  those  diseases  with  a  negligible  prob¬ 
ability  of  an  initial  case.  Of  the  126  considered,  36  were  eliminated  on 
this  basis. 

2)  Those  which  have  a  low  historical  incidence;  e.g.,  dracontiasis  and  histo¬ 
plasmosis.  This  was  equivalent  to  eliminating  those  which  have  either  a 
low  probability  of  an  initial  case  in  a  community,  or  which  are  negligibly 
infectious  (small  expected  size  of  epidemic),  or  both.  This  procedure 
screened  out  40  diseases.  (This  assumed  current  insnunization  status  for 
polio. ) 

3)  Those  which  have  a  low  untreated  case  fatality;  e.g.,  herpangina  and  hook¬ 
worm  disease.  The  cutoff  value  was  taken  to  be  a  2  percent  untreated  case 
fatality  rate,  except  for  diseases  having  a  very  high  historical  incidence 
(only  influenza  and  hepatitis)  where  the  fatality  rate  cutoff  waa  taken  to 
be  about  1  percent.  This  criterion  eliminated  43  diseases. 

4)  Those  of  a  final  group  that  require  many  cases  to  initiate  an  epidemic 

(3  rejected  on  this  basis)  or  are  very  difficult  to  transmit  (10  rejections). 
This  left  a  list  of  16  diseases  for  further  analysis;  these  are  identified 
in  Table  I.  Estimation  of  postattack  disease  parameters,  effects  of  counter 
measures  and  preventable  deaths  are  discussed  in  Appendix  G. 


Gordon,  John  E.  Control  of  Comnunlcable  Diseases  in  Man.  New  York:  The  American 
Public  Health  Association,  1965. 
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Table  [ 


(.HARACTERISTICS  OF  A  SELECTED  LIST  OF 
SIXTEEN  POTENTIALLY  CRITICAL  COMMUNICABLE  DISEASES 


Queue 

Brief  Descrlotion 

Mode  of 
Transmission 

Immunization 

Trtataent 

Pneumonoccal 

Pneumonia 

An  acute  hactetlal  diaeaae  of  the 
lungs  characterized  by  sudden 
onset  of  chill  followed  by  fever 

man-to-man 

None 

Ant lblotlcs 

Inf luenza 

the  respiratory  tract  character¬ 
ized  by  abrupt  onset  of  fever, 
chills,  headache,  muscle  pain, 
and  sometimes  prostration 

man-to-raan 

Partial 

(Vaccine) 

No  specific  treatment 

Typhoid 

A  generalized  bacterial  infection 
characterized  bv  malaise,  alow 
pulse  and  enlargement  of  spleen, 
loss  of  appetite,  weakness,  some¬ 
time  diarrhea,  always  malabsorp¬ 
tion  of  nutrients 

enteric 

■an-to-man 

Vaccine 

Antibl  : ics 

Paratyphoid  B 

A  generalized  bacterial  disease 
characterized  by  continued  fever, 
enlargement  of  spleen,  and 
usually  diarrhea 

enteric 

man-to-man 

Vaccine 

Ant ibiot ics 

Dysentery 

An  Inf  laasiat  ion  of  the  colon 
characterized  by  multiple  daily 
stool  ,  low  fever,  and  Intestinal 
cramps 

•nterlc 

man*  to -man 

None 

Antibiotics  and 
rehydrat Ion 

Cholera 

A  serious  acute  intestinal  disease 
characterized  by  vomiting,  profuse 
watery  stools,  rapid  dehydration 
and  collapse 

enteric 

man-to-man 

Partial 

(Vaccina) 

No  specific  treatment 
rehydrat Ion  procedure 
may  be  very  effective 

Hepatic  It 

An  acute  infectious  disease 
followed  by  Jaundice 

man-to-man 

enteric 

None 

So  apeclflc  treatment 

Pla*ue 

A  highly  fatal  infectious  disease 
characterised  by  fever,  prostra¬ 
tion,  pneiaonla,  and  coaia 

vector  born, 

man-to-oan 

(pneumonic) 

Part  lei 

Antibiotic, 

Smallpox 

*n  eruptive  ftvirlili  disease 
characterised  by  aitenalvc 
cutannue  leelona 

man-to-man 

Vaccine 

No  apeclflc  treatment. 
(Antibiotics  to  contra 
secondary  Infection) 

Typhue 

A  generalized  disease  character¬ 
ised  by  high  fever 

vector  borne 

Vaccine 

Ant  Ibiot  U  s 

Whooping  Cough 

An  infectious  disease  character¬ 
ised  by  innovation  of  the 
retpiratory  tract  and  peculiar 
paroxysms  of  cough 

man-to-man 

Vaccina 

No  specific  treatment 

Htailta 

An  acute  highly  communicable  viral 
disease  chare,  tertsed  by  a  dusky- 
red  blotchy  rash 

•an-to-man 

Veer  In# 

Gamma  globulin 

Diphtheria 

An  acute  infectious  disease  of 
tonsils,  pharynx,  lervwx  or  nose, 
and  occasionally  of  other  mucous 
membranes  or  akin 

man-to-man 

enteric 

Vecc in* 

Antidiphtheria  itrim 

Gastroenteritis 

Inflammation  of  (ha  •  touch  «nd 

Inteat Inea  Charactarltad  by 
•awara  dtarrhaa,  dehydration 
•nd  aridity 

enteric 

None 

Antibiotic*  siidh  el* 
fectlve,  rehydration 
procedure  may  be  very 
effective 

Scarlet  Fever 

A  streptococcal  sor*  throat  In 
which  Infectious  agent  prodi.  ee 
a  rssh 

man-to-man 

None 

Ant (blot  Ice 

HeMrvtococai 

Net' log  it  la 

An  acute  bacterial  diaeaae  char¬ 
acter  ited  by  sudden  onset  of  feeer. 
headache,  nausea,  and  frequently 
s  rash 

man-to-man 

»one 

Am  Ibiot  Ice 
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D.  Non-Communicable  and  Chronic  Disease 

The  approach  to  the  problem  of  medical  aupporc  postattack  for  those  afflicted 
with  non-communicable  and  chronic  disease  was  analogous  to  that  used  for  communicable 
disease.  Life  and  death  were  considered  rather  than  comfort,  activity  limitation, 
etc.;  in  addition,  "Preventable  Deaths"  were  calculated. 

Table  II  shows  an  estimated  preventable  death  rate  from  non-coomunicable  and 
chronic  disease  of  about  2  percent  of  the  total  surviving  population.  This  is  cei- 
talnly  small  in  comparison  with  the  communicable  disease  threat. 


Table  II 

PREVENTABLE  DEATH  RATES  FOR  MAJOR  NON-COfMUNICABLE  AND  CHRONIC 
DISEASES  UNDER  POSTATTACK  CONDITIONS 


A 

B 

C 

D 

Preventable 

Expected 

Fatality 

Prevalence 

Rates  -  1928-29 

Preventable 

(1961-63  Rates 

Case  Fatality 

Fatality 

Except  for 

Rates  less 

Untreated 

Rates 

Tuberculosis 

1961-63  Case 

Fatality 

(Col.  A  x 

1928-31  Rates) 

Fatality  Rates 

Rates 

Coi.  B) 

(Z  of  Total 

(2  of 

(Z  of  Total 

(t  of  Total 

Population) 

Prevalence) 

Population) 

Population) 

1 

Diseases  of  the  heart 

7.079 

24.0-5.2  -  18.8 

1.700 

1.331 

2 

Malignant  Neoplasms 

0.468 

71.0-32.1  -  38.9 

0.332 

0.182 

3 

Diabetes 

1.064 

25.0-1.6  -  23.4 

0.266 

0.249 

4 

Vascular  Lesions  Affecting 
the  Central  Nervous  iystem  0.930 

20.0-11.0  -  9.0 

0.186 

0.084 

5 

Tuberculosis 

0.472 

16.3-1.5  -  14.8 

0.077 

0.070 

6 

Conditions  of  the 
Genitourinary  System 

2.203 

3. 3-0. 7  -  2.6 

0.073 

0.057 

7 

Ulcer  of  the  Stomach 
and  Duodenum 

1.080 

3. 2-0. 6  •  2.6 

0.035 

0.028 

8 

Cirrhosis  of  the  Liver 

1.000 

1.3-1. 2  -  0.1 

0.012 

0.001 

9 

Asthma  and  Hay  Fever 

2.219 

0. 3-0.1  -  0.2 

0.007 

0.004 

10 

and  Organs  of  Locomotion 

8.140 

0.1-.02  -  0.08 

0.008 

0.007 

Total 


2.696 


2.013 


E. 


Conclusions 

1.  Communicable  Disease 


1)  With  current  pcstattack  medical  preparedness  measures,  deaths  will 
approximate  JO  percent  of  the  survivors.  This  might  be  as  high  as 

25  percent  or  as  low  as  3  percent.  The  "preventable  deaths"  approximate 
15  percent  of  the  survivors. 

2)  The  expected  number  of  ctxnmunicable  disease  fatalities  is  divided  about 
50  percent  among  those  transmitted  man-to-man,  5  percent  vector  borne, 
and  45  percent  enteric,  provided  no  additional  preparedness  measures 
are  undertaken.-^ 

3)  The  calculations  of  preventable  deaths  indicate  the  relative  effective¬ 
ness  of  preattack  preparedness  measures.  Referring  to  Appendix  G,  it 
was  concluded  that: 

a)  Enteric  disease*  (gastroente  Itis  and  dysentery)  are  verv  significant. 

b)  In  large  measure  because  enteric  diseases  are  important,  elementary 
countermeasures  (personal  hygiene  and  use  of  antiseptics)  assume 
Importance. 

o)  Considering  one-at-a-t irae  medical  and  public  health  measures,  all 
are  about  equally  effective.  This  conclusion  relates  to  effective¬ 
ness  and  not  to  cost-e  *f  er- •*  -»■  ►o  feast  '  ]  ’  tv. 

2 .  Non-Communicable  and  Chronic  Disease 

1)  Fatalities  from  non-communlcab le  and  chionic  dis.ase  will  be  slightly  higher 
(2.5  to  ii)  than  they  now  are  in  .iie  preatcack  environment  of  the  United 
States,  iiius,  in  terms  of  preventable  facalitiea,  their  importance  ir  small. 

2)  Prevalence  and  ratal  it v  data  from  Table  II  indicate  the  relative 
unimportance  oi  these  in  contract  with  communicable  disease. 

F.  Implicat ion 

In  view  of  these  conclusions  the  next  Section  deals  with  ..  «muni cable  diseases 
only.  Specifically,  It  will  deal  with  those  determinants  of  postattack  epidemics 
which  can  be  influenced  h v  preattack  measure*. 

^  Kalian,  et  aj  ,  ,  oj>.  .it. 
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III.  EPIDEMIOLOGICAL  CONSIDERATIONS  FOR  COMMUNICABLE  DISEASES 


A.  Description  of  the  Problem 

As  stated  in  the  previous  section,  the  majority  of  all  preventable  fatalities 
under  late  post  nuclear  attack  conditions  are  likely  to  be  due  to  communicable 
diseases. 

For  ccesnunitywide  prevention  or  control  of  infectious  diseases,  programs  can  be 
divided  into  three  categories: 

1)  Prevent  the  influx  of  infective  individuals  into  the  community  through 
quarantine  and  elimination  of  the  focus  of  infection  by  effective  cure. 

2)  Decrease  the  transmission  of  pathogenic  organisms  between  infective  and 
susceptible  individuals  through  hygiene  and  sanitation. 

3)  Decrease  the  susceptibility  or  increase  in  the  resistance  of  individuals 
through  prophylactic  use  of  antibiotics  or  vaccination. 

The  problem  to  be  discussed  in  this  Section  is  how  to  build  an  Infectious  disease 
caseload  generation  model  for  estimating  preattack  cost  and  postattack  benefit  under 
alternative  programs  aimed  against  postattack  communicable  diseases.  By  permitting 
such  a  cost-benefit  analysis,  this  model  will  be  able  to  assist  in  the  choice  of 
preventive  programs  to  be  adopted.  The  following  discussion  is  restricted  to 
respiratory  infections  transmitted  from  man  to  man,  but  conceivably  it  can  be 
extended  to  include  fecally  and  vectorlally  transmitted  infections, 
b.  Methodology 

The  Soper-Reed-Frost  Model,  generally  accepted  mathematical  model  of  an 
Infectious  disease,  was  used.  This  model,  restricted  to  infections  transmitted 
from  man  to  man,  has  two  parameters:  the  contact  rate  i  and  th%  host  susceptibility 
at).  The  model  is  independent  of  the  community  slxc  N ,  insofar  as  the  contact  habits 
of  an  individual  community  member  (as  expressed  in  \)  are  independent  of  N. 
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The  values  of  the  two  parameters  are  determined  by  the  infectious  disease  which 
they  represent,  by  the  community  concerned,  and  by  several  behavioral  and  environmen¬ 
tal  factors  including  radiation.  The  magnitudes  of  the  effects  exerted  by  these 
determinants  upon  the  two  parameters  wc.re  estimated  from  a  literature  survey  for  some 
communicable  diseases  of  potential  post  nuclear  attack  importance.  The  expected 
parameter  values  can  be  estimated  for  the  relevant  post  nuclear  attack,  conditions  bv 
means  of  a  statistical  estimation  of  missing  values  based  on  literature  values.  Con¬ 
ceivably,  parameter  values  (not  found  In  literature)  for  other  coranunicable  diseases 
can  be  obtained  by  interpolation  using  a  statistical  model  of  homogeneity. 

By  using  the  estimated  parameters,  a  mathematical  model  can  be  constructed  to 
simulate  those  communicable  diseases,  and  their  attack  rate — applicable  to  communities 
under  similar  behavioral  and  environmental  conditions — that  will  be  epidemic  in  the 
relevant  pest  nuclear  attack  community.  Also,  various  curative  and  preventive  measures, 
either  alone  or  combined,  can  be  analyzed  with  the  model,  and  their  cost-effectiveness 
estimated. 

C.  The  Mathematical  Model  of  an  Infectious  Disease  in  a  Community 

8  /  9  / 

The  following  model  (by  Soper-  ,  Reed  and  Frost—  )  of  an  infectious  disease  in  a 

,3.0/ 

community  is  used  throughout  this  Chapter.  Figure  7—  presents  as  compartments  the 

three  mutually  exclusive  states  that  are  possible  for  any  individual  of  the  community 

at  time  t:  susceptible  (Sfc  individuals),  infective  (1^  individuals),  or  immune  (Zfc 

individuals).  The  total  number  of  individuals  in  the  community  at  time  t  is: 

N  =  S  +  I  +  Z  .  Possible  transitions  '  "igure  7  between  states  are  indicated  by 
t  t  t  t 

arrows.  Since  the  community  is  assumed  to  ue  isolated,  N  changes  only  by  birtn  and 
death.  The  rates  at  which  the  transitions  take  place  are  given  beside  each  arrow  and 
are  expressed  in  number  of  individuals  per  year. 

As  shown  in  the  figure,  a  certain  proportion  a  ->f  the  infected  persons  becomes 
infective  and  each  infective  person  remains  in  this  state  for  a  duration  of  D  days 
before  becoming  immune. 


Soper,  H.  E.  "Interpretation  of  Periodicity  in  Disease  Prevalence,"  Journal  of 
the  Royal  Statistical  Society.  Vol.  92,  1929,  pp.  34-73. 

Reed,  L,  J.  and  W.  H.  Frost  (1928),  as  quoted  by  Abbey  in:  "An  Examination  of 
the  Reed-Frost  Theory  of  Epidemics,"  Human  Biology,  Vol.  24,  1952,  pp.  201-233. 

The  definitions  of  the  various  symbols  used  in  the  model  are  summarized  in  the 
Glossary  of  Terms,  Appendix  A, 
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In  Figur.  7,  if  there  ia  »  slate  uf  equilibrium  ("steady  state")  so  tnat  the 
influx  and  out  flux  are  equal  for  each  compartment ,  the  tine  subscripts  can  be  omitted. 
Thus,  in  steadv  state,  the  left  compartment  has  the  following  relationship: 


where 


Nn  =  I5p  ,  or  m 


1  s  V 

or  m  «  -  -  PN 


m  is  the  birth  rare,  expressed  in  the  proportion  of  the  community  members 
that  is  being  born  per  unit  of  time 

p  is  the  probability  of  at  least  one  contact  between  any  two  specified  per¬ 
sons  in  the  community  per  unit  of  time. 

In  steady  state  the  transition  between  the  left  and  the  upper  right  compartment  has 
the  following  relationship: 


1 

D 


I 

..  N 

aNm  or  — —  ■>  m  , 
a  D 


where  a  is  the  proportion  ot  newly  infected  persons  that  will  become  infective.  The 
last  two  equations  make  up  the  Soper  model. 

Reed  and  Frost  refined  the  Soper  model  by  taking  into  account  the  event  that  a 
susceptible  individual  may  be  infected  more  than  once  during  the  incubation  period 
of  the  disease.  The  Soper-Reed-Frost  model  is  as  follows: 

m(l  -  e  °  )  •  s('  -  e“Xi)  -  ,  (2) 

where 

e  is  the  base  of  the  Naperian  (natural)  logarithm  with  the  constant  value 
2.71828. . . 

\  is  the  rate  (number  of  persons  per  unit  of  time)  at  which  a  community  member 
establishes  contacts  with  the  other  susceptible,  infective,  or  immune  mem¬ 
bers.  This  rate  is  named  the  contact  rate. 

i  is  the  proportion  of  the  community  that  is  infective. 

A  major  advantage  of  using  1  instead  of  p  is  that  with  X  the  variables  and 
parameters  are  independent  of  size  N  of  the  community.  The  probability  p  of  at 
least  one  contact  between  any  two  specified  community  members  per  time  unit  is  re¬ 
placed  by  A  ,  the  rate  at  which  a  community  member  establishes  contact  with  other 
members : 

X  -  P(N-1)  .  (3) 


Likewise,  the  prevalences  S  and  I  are  replaced  with  prevalence  ratios  s  and  i 
expressed  as  proportions  of  N. 
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According  to  Kermack  and  McKendrick— ^  an  epidemic  will  occur  only  when  saDX  >  1. 
If  this  is  the  case,  the  value  of  the  product  aDX  can  predict  the  crude  attack  rate 
when  s,  the  proportion  of  susceptibles  in  the  community,  approaches  the  value  of  one 
(Table  H-I,  Appendix  H) .  Thus,  if  the  parameters  are  known,  the  modified  model  can 
be  used  to  estimate  the  likelihood  that  an  epidemic  will  occur  and  the  size  of  the 
epidemic.  The  various  methods  of  estimating  these  parameters  for  certain  diseases 
from  literature  data  are  described  in  Appendix  H. 

A  nomogram  of  the  Soper-Reed-Frost  model  (Figure  8)  shows  the  sensitivities  of 
the  values  of  i  for  changes  in  the  parameters  X  and  aD  respectively.  It  follows  from 
this  nomogram  that,  according  to  current  conceptual  knowledge,  the  influence  of  the 
host  susceptibility  on  the  index  i  of  disease  and  death  is  much  greater  than  the 
influence  of  the  contact  rate. 

The  basic  assumptions  underlying  the  Soper-Reed-Frost  model  are  summarized 
as  follows: 

1)  The  interval  between  infection  and  the  beginning  of  infectivity 
("incubation  period"  or  "latent  period")  is  constant. 

2)  Every  person  is  susceptible  (non immune ) ,  unless  he  has  been  infected 
previously;  then  he  is  immune. 

3)  Infection  is  spread  by  direct  contact  between  infectives  and  suscep- 

tibles;  there  are  no  other  contact  possibilities.  (Amplification: 

Current  views  in  the  bacteriological  and  virological  literature  (for 

,  12/ 

instance  Rammelkamp—  )  are  in  keeping  with  this  assumption,  which  is 
limited  to  those  infectious  diseases  which  are  transmitted  from  man  to 
man  by  air  droplet  nuclei  and  confer  cort.lete  immunity  for  life.) 

4)  After  direct  contact  the  susceptible  becomes  infective  for  a  certain 
period  of  time;  then  he  becomes  nonsusceptible  and  noninfective. 

5)  Each  person  has  a  fixed  probability  of  coming  into  contact  with  any 
other  person  within  one  incubation  period;  the  probability  is  the  same 
for  any  combination  of  two  persons  regardless  of  whether  they  are  sus¬ 
ceptible,  infective,  or  immune. 

6)  The  persons  in  the  community  are  wholly  segregated  from  persons  outside 
the  community. 


—  Kermack,  W.  0.  and  A.  G,  McKendrick.  "A  Contribution  to  the  Mathematical  Theory 
of  Epidemics , "  Proceedings  of  the  Royal  Society  of  London.  Series  A,  Vol.  115 
1927,  pp.  700-721. 

12/ 

—  Rammelkamp,  C.  H.  "Epidemiology  of  Streptococcal  Infections,"  Harvey  Lectures 

Vol.  51,  1955-1956,  pp.  113-142.  - 
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Source:  Voors,  A.  W.:  A  Modified  Soper-Reed-Trust  Model  as  a  Guide 

to  the  Control  of  Endemic  Respiratory  Infection.  Chapel  Hill, 
N.  C.:  University  of  North  Carolina.  Doctoral  dissertation 
1965. 


Fig.  8.  Nomogram  of  Susceptibles'  (s)  and  Infectives'  (i)  Prevalence 

by  Contact  Rate  (a)  and  Non-Specific  Human  Susceptibility  (aD) 
in  a  Deterministic  Chain-Infection  Model  with  an  Influx  of 
Susceptibles  at  a  Constant  Rate  (m) ,  for  a  Stationary  and 
Stable  Population  with  One  Unique  Age  of  Death  Being  (1/m). 
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D .  Regression  of  the  Soper-Reed-Frost  Model  Parameters  on  Several  Behavioral  and 

Environmental  Characteristics. 

1.  Regression  of  the  Contact  Rate 

Several  behavioral  and  environmental  attributes  are  likely  to  influence  the 
level  of  the  contact  rate.  The  following  nine  attributes  are  considered:  radi¬ 
ation,  crowding  within  the  household,  size  of  the  household,  relative  humidity, 
temperature  level,  temperature  changes,  season,  ventilation  and  air  pollution. 
(These  attributes  are  described  in  more  detail  in  Appendix  I.)  For  the  assess¬ 
ment  of  the  effects  as  exerted  by  these  attributes  upon  the  contact  rate,  it  is 
necessary  to  measure  this  contact  rate.  Within  the  household,  the  contact  rate 
can  be  measured  as  secondary  attack  ratio  and,  in  the  community,  the  contact 
rate  can  be  measured  as  crude  attack  rate.  Both  methods  are  applicable  under 
the  restriction  that  the  persons  at  risk  are  known  to  be  susceptible  (Appendix 
H).  Using  data  from  the  literature,  the  influence  of  these  attributes  on  the 
contact  rate  were  assessed  (Appendix  I).  The  results  (Table  III)  indicate  that 
only  sudden  temperature  changes  from  warm  to  cold  are  likely  to  largely  increase 
the  rate  of  contact.  Other  factors  increase  the  rate  of  contact,  but  only  by  a 
moderate  or  inconclusive  magnitude. 

Table  III 

CURRENT  CONCEPTUAL  KNOWLEDGE  OF  THE  INFLUENCE  OF 
NINE  COMMUNITY  ATTRIBUTES  ON  THE  RESPIRATORY  DISEASE  CONTACT  RATE 


Community 

Influence  of  the  Attribute 

on  the  Contact  Rate 

Attribute 

Direction 

Magnitude 

Radiation 

Increase 

Inconclusive 

Crowding  within 
households 

Increase 

Small 

Size  of  households 

Increase 

Inconclusive 

Relative  humidity 

Decrease 

Large 

Temperature  level 
of  environment 

Varying 

Inconclusive 

Temperature  change 
of  environment: 

Warm  — ►-  Cold 

Increase 

Moderate 

Season 

Increase 

in  Winter 

Inconclusive 

Ventilation 

Decrease 

Moderate 

Air  pollution 

Increase 

Inconclusive 
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2.  Regression  of  Hose  Susceptlbillt 


Severai  human-behavioral  and  environmental  attributes  are  likely  to  influence 
the  degree  of  host  susceptibility.  The  following  attributes  will  be  considered: 
radiation,  nutritional  status,  air  pollution,  emotional  and  genetic  effects.  For 
the  assessment  of  the  effects  as  exerted  by  these  attributes  upon  the  degree  of 
susceptibility,  it  is  necessary  to  measure  this  susceptibility.  In  the  case  of 
lifelong-immunity  conferring  disease  in  a  stationary  and  stable  population,  non¬ 
specific  host  resistance  can  be  derived  from  the  prevalence  of  infectives  (see 
Appendix  H,  Section  III).  Using  data  from  the  literature,  the  influence  of  the 
five  attributes  mentioned  on  the  host  susceptibility  were  assessed  (Appendix  J). 
The  results  (Table  IV)  indicate  that  radiation  has  an  overwhelming  influence  on 
the  host  susceptibility. 


Table  IV 

CURRENT  CONCEPTUAL  KNOWLEDGE  OF  THE  INFLUENCE 
OF  FIVE  COMMUNITY  ATTRIBUTES  ON  HOST 
SUSCEPTIBILITY 


Community 

Attribute 

Influence  of  the  Attribute  on 

the  Host  Susceptibility 

Direction 

Magnitude 

Radiation 

Increase 

Large 

Acute  Starvation 

Increase 

Moderate 

Air  Pollution 

Increase 

Inconclusive 

Emotional 

Increase 

Inconclusive 

Genetically 

Increased 

Susceptibility 

Increase 

Inconclusive 

3.  Inferences  Made 

from  Observed  Regressions  Concerning  One  Respiratory  Disease 

and  Applicable  to  Others 
a.  Assumptions 

The  objectives  of  this  paper  seem  to  Justify  the  use  of  some  generaliza¬ 
tions  which  are  not  accurate  in  detail  but  do  yield  information  adequate  for 
predictions  and  which  should  not  be  rejected  because  of  imprecision,  provided 
that  these  generalizations  are  internally  consistent.  It  is  desirable  that 
they  be  tasted  using  independently  replicated  data.  So  far,  some  observations 


of  respiratory  diseases  have  been  discussed  which  do  not  confer  lifelong 
immunity  or  which  are  caused  by  organisms  that  do  not  have  constant  anti¬ 
genicity  (common  cold,  adenovirus  4,  influenze  type  A).  It  would  be 
advantageous  to  be  able  to  apply  the  parameters  obtained  from  these  data 
to  other  respiratory  diseases  which  do  confer  lifelong  immunity  and  which 
are  caused  by  organisms  with  more  or  less  constant  antigenicity  (tubercu¬ 
losis,  diphtheria,  meningococcosis ,  whooping  cough,  measles,  German 
measles,  mumps,  chickenpox) .  The  following  four  assumptions  are  neces¬ 


sary  for  application  of  the  data: 

1)  During  an  epidemic,  the  effect  of  the  organism  on  the  contact 

rate  must  remain  constant.  According  to  the  relevant  literature, 
constancy  of  the  prevail  ng  strain  during  an  epidemic  has  usually 


been  observed  in  the  case  of  influenza.  For  instance,  Chu, 
Andrews,  and  Gledhill^-^  wrote  about  the  1948-1949  epidemic: 


"Rather  to  our  surprise,  almost  all  the  strains 
from  Western  Europe,  from  Italy  to  Iceland,  and 
one  strain  each  from  Canada  and  the  U.  S.  A., 
were  antigenically  very  homogeneous." 


Furthermore, 


Jensen^^ 


wrote: 


"Viruses  collected  from  many  parts  of  the  world 
during  an  influenza  season  usually  crossreact 
serologicallv  with  prototypic  viruses  of  the  year." 

Later,  Isaacs  ejt  al.  — ^  wrote: 

"During  the  period  1957-1960  large  numbers  of 
influenza  (type)  A  viruses  were  received  at 
the  World  Influenza  Centre  from  countries 
throughout  the  world.  With  one  exception,  all 
the  strains  were  antigenically  closely  related 
to  the  A2  ("Asian"  family)  viruses  isolated 
early  in  the  Asian  flu  epidemic,  and  strikingly 
different  from  the  A-prime  ("A-prime"  family) 
strains  of  the  previous  decade." 


—  Chu,  C.  M. ,  C.  H.  Andrews,  and  A.  W.  Gledhill.  "Influenza  in  1948-1949," 
World  Health  Organization  Bulletin,  Vol.  3,  1950,  pp.  187-214. 

14/ 

—  "The  Nature  of  Serological  Relationships  Among  Influenza  Viruses,"  op.  cit. 

— ^  Isaacs,  A.,  R.  J.  C.  Hart,  and  V.  G.  Law,  "Influenza  Viruses,  1957-1960," 
World  Health  Organization  Bulletin,  Vol.  26,  1962,  pp.  253-259. 
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In  the  case  of  other  diseases,  Webster^-^  measured  the  virulence  of 
Pasteurella  (in  rabbits,  chickens,  and  mice)  and  of  mouse  typhoid  for 
various  stages  of  the  epidemics.  "The  results  ...  invariably  ...  showed 
a  constancy  and  fixity  of  disease-producing  power  of  a  given  strain  of 
organisms  under  all  conditions  of  natural  infection  ...". 

2)  For  respiratory  diseases  (such  as  common  cold  and  influenza) 
that  do  not  confer  lifelong  immunity,  the  susceptibles  and  immunes  are 
distributed  at  random  within  each  age  group  with  respect  to  characteris¬ 
tics  like  crowding  and  air  temperature. 

3)  There  is  no  interaction  between  any  two  of  the  following 
characteristics  which  affect  the  contact  rate  and  the  host  susceptibility: 

a)  Host  resistance, 

b)  Host  behavior  (like  crowding). 

c)  Environmental  characteristics  (like  relative  humidity, 
temperature  change,  air  pollution,  ventilation). 

d)  Organism  characteristics. 

For  the  pertinence  and  validity  of  th  s  assumption,  see  Appendix  K. 

A)  The  effects  of  community  and  disease  on  the  contac-  rate  are  such 
that  there  is  statistical  homogeneit  .  (independent  effects).  The  same 
holds  for  their  effects  on  the  host  sus  eptlbility.  The  pertinence  and 
validity  of  these  assumptions  are  discussed  in  Appendix  K. 

There  is  a  multiplicity  of  factors  (Voors^S  which  permits  the 
assumptions  of  random  distribution  and  interaction.  The  assumption  of 
no  interaction  is  testable  by  repeated  independent  observations. 

A  possible  exception  is  the  interaction  between  factors  (c)  and 
(d);  the  importance  of  such  an  interaction  is  discussed  in  Appendix  i. 

Section  4.  Other  possible  exceptions  are  the  interactions  between 

18/ 

effects  (a)  and  (d)  and  between  (b)  and  (d):  Langmuir,-—  quoting 


Webster,  L.  T.  "Experimental  Epidemiology,"  Medicine .  Vol.  2 >.  1346,  pp.  77-i09. 

Voors,  A.  W.  A  Modified  Soper-Reed-Froat  Model  as  a  Guide  in  Programming  the 
Control  of  End.mlc  Respiratory  Infection,  Chapel  Hill,  N.  0. :  University  of 
North  Carolina.  Doctoral  dissertation,  1965. 

Langmuir,  A.  D.  "Epidemiology  of  Air-Borne  Infection,"  Bacteriological  Reviews. 
Vol.  25,  1961,  pp.  171-181.  ~  -  — 
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Lurie — and  Hatch, —  points  out  that  droplets  of  5  microns  or  less  are 
necessary  in  the  transmission  of  tuberculosis  while  many  respiratory 
diseases  are  transmitted  by  larger  droplets.  This  sugge  ts  interaction 
between  the  organism  factor  and  both  the  host  resistance  and  human  be¬ 
havioral  factors  effect  which  affects  the  contact  rate.  In  spite  of 
these  exceptions,  the  assumption  of  no  interaction  will  be  maintained 
for  the  reasons  mentioned  in  the  beginning  of  this  subsection. 

b.  Conclusions  Concerning  Regression  of  Contact  Rate 

In  view  of  the  assumptions  concerning  the  regression  of  the  contact  rate 
of  respiratory  diseases  on  environmental  and  behavioral  factors,  the  follow¬ 
ing  conclusions  can  be  drawn: 

1)  The  lower  the  relative  humidity  indoors,  the  higher  the  contact 
rate  (marked  influence). 

2)  The  more  extreme  the  temperature  changes  to  which  the  individuals 
are  subjected,  the  higher  the  contact  rate  (medium  influence). 

3)  The  more  crowded  the  household  of  susceptible  persons,  the  higher 
the  contact  rate  (small  influence). 

4)  The  higher  the  ventilation  in  the  enclosed  area  containing  a 
group  of  people,  the  lower  their  respiratory  contact  rate 
(medium  influences). 

c.  Conclusions  Concerning  Regression  of  Host  Susceptibility 
Host  susceptibility  is  increased  by  the  following  factors: 

1)  Radiation  (marked  influence). 

2)  Malnutrition  (slight  influence  under  postnuclear  attack 
conditions) . 

3)  Air  pollution  (possibly  a  slight  influence). 


I.urie.  M  B..  at  al.  "An  Evaluation  of  the  Method  of  Quantitative  Air*Borne 
Infection  and  Ita  Use  In  the  Study  of  the  Pathogenesis  of  Tuberculosis."  American 
Review  of  Tuberculosis .  Vol.  61,  1950,  pp.  765-797. 

—  Hatch,  T.  F.  "Distribution  and  Deposition  of  Inhaled  Particles  In  Respiratory 
Tract,"  Bacteriological  Reviews,  Vol.  25,  1961,  pp.  237-240. 
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E.  Assessment:  of  Contact  Rate  for  Some  Respiratory  Diseases  of  Post-Shelter 
Importance 

1.  Assessment  of  the  Contact  '.ate  for  Aslan  Influenza 

Literature  data  concerning  the  Asian  influenza  epidemic  of  1957-1958  were 

obtained  for  various  communities.  Using  the  method  described  in  Appendix  H  and 

assuming  that  a  ■  1/52  year,  one  can  arrive  at  values  from  these  literature 

data  for  contact  rate  under  different  circumstances.  [Amplification:  The 

assumption  that  D  ■  1/52  year  is  arrived  at  in  the  following  way.  According 

21/ 

to  Gordon —  ,  the  average  duration  of  infectivity  is  7.5  days;  hence,  if  the 
degree  of  infectivity  is  equally  distributed  over  these  days  the  mean  point  of 

f 

infectivity  is  (7.5)/2  *  3.75  days  after  its  beginning.  Jordan  <^t  aU—  found 
the  average  interval  between  successive  cases  to  bp  5.3  days.  Assuming  an 
average  incubation  period  of  2  days  (Gordorr^-^,  Woodall  £t  al.— ^),  this  would 
imply  that  the  mean  point  in  the  duration  of  infectivity  is  at  5.3  -  2.0  =3.3 
days  after  its  beginning.  Since  the  figures  3.75  and  3.3  show  a  fair  agreement, 
7  days  or  about  1/52  year  is  used  as  "duration  of  infectivity"  for  assessment 
of  contact  rate  1 

An  example  of  the  calculations  involved  is  as  follows:  In  a  cottage  at  a 

,  >4  / 

children  s  institution.  Bell  et  al.— —  found  that  out  of  34  girls  aged  9-12 
years,  18  became  infected.  Thus,  the  primary  attack  rate  is  18/34  »  .53. 
According  to  D.  C.  Kendall's  table— ^  uie  corresponding  value  of  is  1.40. 
Since  oD  »  1/52,  >  ■  1.40  x  52  ■  73  per  year. 

The  results  of  these  contact  calculations  applied  to  suitable  literature 
data  are  given  in  Table  V. 


Gordon,  J.  E.  (ed.)  Control  of  Communicable  tHiaasea  in  Man  (9th  edition). 
American  Public  Health  Aasoc  iat  ion.  New  York,  19t>(). 

Of  Iordan.  W.  et  at .  "A  Study  of  Iltnes*  in  o  Group  of  Cleveland  Families. 

XVII.  The  Occurrence  of  Asian  Influenia,"  American  Journal  f  Hygiene.  Yol.  nH. 
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1961.  pp.  84-8*. 

See  Appendix  H,  Table  H-l  . 
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Expressed  per  year  from  195?  to  1958;  calculated  from  literature  source* 

listed  below. 

Clinical  diagnosis  without  serological  confirmation. 

Calculated  from  secondary  attack  rate  insteac  of  primary. 

Source:  Hell,  J.  A.,  et  a  1 .  "Epidemiological  Observation*  on  Two  Out¬ 
breaks  of  Asian  Influents  in  a  Children'*  Institution,"  American 
Journal  of  Hygiene.  Vol .  '1,  I'Jhl,  pp.  8-«-89. 

Source:  IXinn,  F.  1...  e t  at.  "Epidemiological  Studie*  of  Asian  lnfluenaa 
in  a  Louisiana  Pariah, "  American  journal  of  Hygiene,  Vol.  70, 

1951,  pp.  15J-3'1 

Source:  Jordan,  U.  S.,  et  a  1  "A  Studv  oi  lllai-t*  in  a  ‘'.roup  of  Cleveland 

Fatal  lie*.  XVI J .  The  iVcui r nice  of  Asian  Influent*,"  American 
Journal  of  Hygiene.  Vol.  n8,  1158,  pp.  190-2'.2. 

Source:  Chin,  T.  D.  V..  e i  *  1  "Morbidity  and  Mortality  Characteristics 
of  Aaian  Strain  Influents."  Public  health  Report*.  Vol.  75,  I9f>0, 
pp.  ltii-158. 

Source:  Keough,  E.  V.,  e t  a  1 .  "A  Serologic  Survev  of  the  Epidemic  of 
Atlan-Type  Influent#  in  Melbourne,  1157,"  American  Journal  ot 
Hygiene .  Vol.  1158,  pp.  l-S. 

Source:  Schwartt.  K.  and  V.  H.  Porrv .  "A  Studv  of  Aaian  Influent# 
Epidemiology  and  Control  Measure*  in  Liverpool  Children," 

Medical  Officer,  Vol.  *>«.  H58.  pp.  51-M. 

Source:  Woodall.  J..  K.  C.  K.  Rowson,  .and  J,  C.  McDonald.  "Age  and  Asian 
Influent#,"  Brltith  Medical  Journal.  So.  5108,  Vol.  2,  1958, 
pp.  1116.1318. 

Source:  Owes;.  1..  e t  a  1 .  "A»lan  Influent#  In  a  8.  A.  F.  8ov  Entrants 
School,"  PuhlU  Health.  Vol.  ’2.  H'-S,  pp.  M-.-1-2. 


»-2  » 


Diphtheria 

When  an  immunity  producing  disease  is  transmitted  in  a  community  which  is 
in  a  steady  demographical  state  and  has  a  constant  influx  of  suscept ibles ,  the 
model  predicts  that  the  prevalence  of  susceptibles  and  infectives  will  each 
fluctuate  over  time  around  a  certain  equilibrium  value:  after  a  maxirum  of 
infectives,  the  concomitant  exhaustion  of  susceptibles  has  to  be  built  up  again 
by  the  influx  of  new  susceptibles  before  a  new  maximum  ("epidemic  peak")  of 
infectives  can  be  expected.  The  "delay  time"  t  in  the  start  of  a  new  epidemic 

'V 

peak  since  the  end  of  a  previous  one  has  a  value  t  of  maximum  likelihood 
(Appendix  H) . 


m 


where  s  is  the  equilibrium  value  for  the  prevalence  of  susceptibles  in  the 
community,  expressed  as  a  proportion  of  the  community  size  and  m  is  the  birth 
rate. 

Since  each  of  the  three  characteristics  in  this  equation  can  be  observed, 
this  equation  constitutes  a  test  for  the  realism  of  the  model.  Values  for  t 
can  be  observed  by  studying  time  series  of  infectives  (or  by  studying  time 
series  of  an  index  of  infectives  like  cause-specific  mortality),  either  through 
assessment  of  time  lag  for  maximal  autocorrelation  (Tab1*'  VT>  or  through  assess¬ 
ment  of  the  average  time  interval  of  consecutive  crossings  between  the  observed 
time  series  and  its  nonlinear  regression  line  (Table  K-IV).  Observed  values  for 

a  and  m  are  available  in  the  literature.— ^  The  observed  and  xpected  values 
o 

are  in  fair  agreement  (Table  VII)  and  this  tends  to  support  the  realism  of  the 
assumptions  underlying  the  model. 

Therefore,  by  assuming  values  for  aD  from  current  literature  and  by  using 

the  formula  X  *  — —  ,  the  contact  rate  can  be  estimated  (Table  VIII). 

s  aD 
o 


Voors,  A.  W.  A  Modified  Soper-Reed-Frost  Model  as  a  Guide  in  Programming  the 
Control  of  Endemic  Respiratory  Infection.  Chapel  Hill,  N.  C.  :  University  of 
North  Carolina.  Doctoral  dissertation,  1965. 


3-24 


Tab !  e  VI 


S  (IN  STARS)  FOR  MAXIMAL  AUTOCORRELATION  IN  TIME 
SERIES  OF  REPORTED  DEATHS 

a  /  b  /  c  / 

Four  Infectious  Diseases  in  19  Large  United  States  Cities,  1901-1949— 


Cities 

of  Infectious  Respiratory  Diseases 

Tuberculosis 

Measles 

Whooping  Cough 

Diphtheria 

Baltimore,  Md. 

30 

3 

4 

9 

Boston,  Mass. 

30 

3 

3.5 

10 

Chicago,  Ill. 

42  or  13 

2 

3.5 

9 

Cleveland,  Ohio 

-- 

3 

4 

7  or  14 

Columbus,  Ohio 

-- 

2.5 

2 

5  or  10 

Indianapolis,  Ind. 

21 

3 

3 

5  or  10 

Kansas  City,  Mo. 

-- 

3 

3 

12 

Los  Angeles,  Calif. 

15 

3,5 

2,5 

10  or  15 

Louisville,  Ky 

24 

2.5 

2.5 

6.5  or  13 

Milwaukee,  Wis, 

36 

3 

3.5 

7  or  14 

Minneapolis,  Minn. 

-- 

2.5 

2.5 

5  or  10 

New  Orleans,  La. 

26 

3 

3 

6.5  or  13 

New  York  City,  N,  Y. 

21 

2 

3.5 

4  or  10 

Philadelphia,  Pa. 

-- 

3 

4 

10 

Pittsburgh,  Pa. 

-- 

2.5 

2 

6.5  or  13 

Providence,  R.  I. 

36 

3 

4 

13 

Saint  Louts,  Mo. 

26 

3.5 

3 

6  or  12 

San  Francisco,  Calif. 

44 

4 

5.5 

7  or  14 

Washington,  D.  C. 

•  28 

3 

3 

9 

Average  Lag  Duration 

27.5  or  28.0 

2.89 

3.26 

7.76  or  11.58 

a/ 

b/ 

c/ 


In  the  case  of  tuberculosis  the  observation  period  was  up  to  150  years. 

The  lags  were  estimated  by  eye  from  autocorrelograms.  In  case  of  uncertainty 
choice  between  two  values,  both  values  were  antarad. 

Source:  Voors,  A.  W.  A  Modified  Soper-Reed-Froet  Model  as  a  Guide  in 
Programming  the  Control  of  Endemic  Respiratory  Infection. 
Chapel  Hill,  N.  C. :  University  of  North  Carolina.  Doctoral 
dissertation,  1965. 


of 
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T a  u  ‘  c  VII 


PREDICTIONS  AND  OBSERVATIONS  CONCERNING  THE  MODE  OF  DERATION  OF 
THE  INTERVAL  EE WEEN  EPIDEMIC  WAVES  AND  THE  AVERAGE 
DURATION  OF  THE  INTERVAL  BETWEEN  EPIDEMIC  PEAKS 

Four  Infectious  Diseases  in  19  Large  United  States  Cities,  190 1  - 


Diseases 

Prevalence 

of 

Suscepcibles 

Duration  of  Intervals  in 

Years 

Predicted  by 

Assessing^!/ 

s  and  m 

0 

Observed  From 
Curve  Crossings 
Between  Epidemic 
Waves  ’nd  Their, 
Regression  Line—' 

Observed  From 
Autocorrelogram 
Interpretation 
d/ 

Measles 

.0762 

3.8 

3.4 

2.9 

Whooping  Cough 

.0906 

4.5 

3.4 

3.3 

Diphtheria 

.2451 

12.3 

5.1 

7.8  or  II .  6 

Tuberculosis 

.2963 

>17.1 

13.7 

27.5  or  28.0 

Source:  Voors,  A.  W.  A  Modified  Soper-Reed-Frost  Model  as  a  Guide  in 
Programming  the  Control  of  Endemic  Respiratory  Infection. 
Chapel  Hill,  N.  C.:  University  of  North  Carolina.  Doctoral 
dissertation,  165. 

g 

Predicted  value  *  _o 
m 

See  Table  V  of  Appendix  K, 

See  Table  VI. 


a/ 

y 

y 

d/ 


Table  VIII 


CALCULATION  OF  POINT  ESTIMATES  FOR  CONTACT 
RATE  FRIOR  TO  THE  ANTIBIOTIC  ERA 


Diseases 

Expectancy  of  Dura¬ 
tion  of  Infectivlty 

OD  -1 

Prevalence  of 
Susceptibles 

WSM 

(days) 

(proportion) 

(per  day) 

Diphtheria 

10 

.2451 

.41 

Whooping  Cough 

21 

.0906 

.53 

Measles 

9 

.0762 

1.46 

Influenza 

3 

.2000 

1.67 

-  Source:  Gordon,  J.  E.  (ed.)  Control  of  Communicable  Diseases 

in  Man,  American  Public  Health  Association,  9th  edition. 
New  York,  1960. 

— 1  Source:  Voors,  A.  W.  A  Modified  Soper-Reed -Frost  Model  a a  a 

Guide  in  Programming  the  Control  of  Endemic  Respiratory 
Infection.  Chapel  Hill,  N.  C. :  University  of  North 
Carolina.  Doctoral  dissertation,  1965. 
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Assignment  of  Independent:  and  Dependent  Vc,r  i  ables  to  the  Disease  Cast-, ’..-ad 

Generation  Subroutine 

1.  Independent  Variables 

Independent  variables  for  the  disease  caseload  generation  subroutine  should 
include  alternatives  in  either  post  nuclear  attack  circumstances  or  preparedness 
measures  which  have  a  marked  influence  on  post  nuclear  attack  survival. 

Radiation  done  is  a  major  determinant  of  survival.  In  keeping  with  current 
literature,  it  is  assumed  that  the  subjects  have  been  irradiated  bv  a  single 
dose  of  200r,— 

Other  major  determinants  of  survival  are:  adequate  supplies  of  essentials 

like  food  and  protection  against  climate  exposure  (viz.,  mortality  in  the 

28  / 

Netherlands  during  World  War  II — ).  It  is  assumed  that  these  supplies  will  be 
sufficient. 

It  is  also  assumed  that  the  following  measures  have  been  taken: 

29  / 

1)  Effective  control  of  rodents  and  arthropods? — 

2)  Equal  health  service  and  facilities  for  all  social  classes  if 
uniformly  adequate  service  cannot  be  maintained. 

3)  Avoidance  of  the  undue  concentration  of  the  more  susceptible  persons 
into  a  "shelter  hospital",  that  would  act  as  a  focus  of  infection. 

4)  Avoidance  of  mass  prophylaxis  with  antibiotics  that  would  cause  drug 
resistance. 

5)  Avoidance  of  disrupting  social  conditions. 


—  Stoner,  R.  D. ,  M  W.  Hess,  and  V.  P.  Bond.  Radiation  and  Infection:  An 
Annotated  Bibliography.  Upton,  N.  Y.:  Medical  Research  Center,  Brookhaven 
National  Laboratory,  May  1965. 

28  / 

—  Netherlands'  Ministry  of  Social  Affairs:  Malnutrition  and  Starvation.  Edited 
by  G.  C.  E.  Burger,  J.  C.  Drunmond,  and  H.  R.  Sanstead.  The  Hague:  General 
State  Printing  Office,  1948. 

29/ 

—  Johnson,  T.  and  D.  R.  Johnston.  Vectorforne  Disease  and  Control,  Final  Report, 
R-OU-303 .  Research  Triangle  Park,  N.  C.:  Research  Triangle  Institute, 

June  1968. 
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The  major  decisions  for  post  nuclear  attack  health  preparedness  can  (under 
the  above  assumptions)  be  categorized  as  indicated  in  the  beginning  of  this 
Chapter : 

1)  Prevention  of  the  influx  of  infective  individuals  into  the  community 
by  quarantine  and/or  elimination  of  the  focus  of  infection  by  effec¬ 
tive  cure  of  the  infective  individuals. 

2)  Decrease  in  the  transmission  of  pathogenic  organisms  between 
infective  and  susceptible  individuals  through  hygiene  and  sanitation. 

3)  Decrease  in  the  susceptibility  or  increase  in  the  resistance  of 
individuals  through  vaccination  or  prophylactic  antibiotics. 

Thus,  the  decision  model  includes  the  following  alternatives: 

1)  Quarantine  or  no  quarantine  (various  degrees  of  quarantine  would 
not  be  relevant;  see  Appendix  L) . 

2)  Increased  or  non-increased  level  of  hygiene  and  sanitation. 

3)  Postattack  vaccinations  and  mass  prophylaxis  with  antibiotics : 

yes  or  no. 

3 

Thus,  there  are  2  -  8  possible  alternative  combinatorial  sets  of  parameter 

values  (Table  IX). 

0 ■  Implications  of  the  Soper-Reed-Frost  Model— ^ 

A  mathematical  model  of  a  respiratory  infection  in  a  community  has  been  developed 
consistent  with  current  inf  ect -I  .->us  disease  theory.  This  model  he  tr-  provide 

predictions — most  likely  in  view  of  the  state  of  the  art — concerning  epidemics  under 
unknown  future  conditions  like  atomic  attack  or  food  shortage. 


30/ 


Soper,  o£.  c_it_. ,  pp.  34-73,  and  Reed  and  Frost,  0£,  cit.  ,  pp.  201-233. 
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Ta' 1=  IX 

ALTERNATIVE  SET",  OF  PARAMETER  VALUE'  RESITTING  FROM  DECISIONS  FOR 
THE  DISEASE  CASELOAD  GENERATION  MODELS 


-  decided  not  to  use  for  prevention  or  control. 
+  decided  to  use  for  prevention  or  control. 
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IV.  SUBMODEL  INPUT  AND  OUTPUT  DATA 

A .  Gene  ra  1 

This  submodel  describes  all  the  essential  elements  of  a  series  of  simultaneous 
postattack  epidemics  i-i  a  finite  geographical  ares,  such  as  s  community.  The  postattack 
results  are  described  in  terms  of  number  of  fatalities,  number  of  patients  diseased, 
amount  of  drugs  used,  end  number  of  person-days  of  medical  staff  occupied. 

Figure  9,  Basic  Inputs  and  Outputs  of  the  Diseases  and  Chronic  Conditions  Sub¬ 
model  of  the  Total.  Emergency  Health  Care  System  Model,  summarizes  the  submodel's 
inputs  and  outputs.  These  are  discussed  in  detail  in  the  following  sections. 


Population  Size  at 
Beginning  of  Disease 
and  Chronic  Conditions 
Period 


Inventory  of  Health 
Resources  (Human  and 
Non-Human) 


Disease  Parameters, 
Influence  of  Radi¬ 
ation  a..d  Emergency 
Conditions  on  the 
Disease  Parameters 


Disease  and 
Chronic 
Conditions 
Submodel 
(30-365  Days) 


Chronological  Allocation 
of  Medical  Resources 


Identification  of 
Resource  Utilization 
and  Medical  Resource 
Bottlenecks 


Comparative  Analyses  of 
Medical  Resources  Allo¬ 
cation  Between  the 
Submodels 


Identifies  Ion  of  Bottle¬ 
necks  in  Preventive 
Measures  (Quarantine 
and  Sanitation) 


Fig.  9. 


Basic  Inputs  and  Outputs  of  the  Disease  and  Chronic  Conditions  Submodel 
of  the  Total  Emsrgsncy  Systems  Model. 
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B.  Input  Data 

l .  Preattack  Cliarac  Leris  1 1c  s  -.'f  the  Communicable  Diseases  umlcr  Consideration 

The  various  relevant  characteristics  as  observed  under  preattack  conditions, 
of  the  respective  ccrninunicable  diseases  we  manually  entered  for  each  disease  sepa¬ 
rately  into  input  cards.  Then  characteristics,  values  of  vhich  were  obtained  through 
a  literature  review,  are: 

1)  The  fraction  of  the  population  that  is  susceptible  under  preattack  equili¬ 
brium  conditions. 

2)  The  fraction  of  the  population  that  is  infective  under  preattack  equilibrium 
conditions. 

3)  The  contact  rate  under  preattack  conditions. 

4)  The  "Infective  ratio"  under  preattack  conditions,  that  is  the  fraction  of 
all  persons  infected,  that  becomes  infective  in  turn. 

5)  The  average  duration  of  infectivity  in  the  infective  persons  under  preattack 
conditions. 

6)  The  case  fatality  rate  under  preattack  conditions  as  applied  to  the 
infec  t ives . 

2 .  Effects  of  the  Attack  on  the  Disease  Characteristics 

Under  the  assumption  that  the  attack  will  affect  each  of  the  selected  com¬ 
municable  diseases  to  a  similar  extent,  the  foliating  four  coefficients  are  entered 
as  input  and  serve  as  multiplication  factors  for  all  of  the  conmunicable  diseases: 

(a)  a  coefficient  for  the  infective  ratio:  (b)  a  coefficient  for  the  contact  rate; 

(c)  a  coefficient  for  the  population  fraction  that  is  initially  infective  and  (d) 
a  coef f  icient  for  the  population  fraction  that  is  initially  susceptable.  The  values 
for  these  characteristics  were  extracted  from  the  limited  amount  of  related  litera¬ 
ture  that  was  available  and  are  entered  manually  as  input. 

3 .  Population  Size 

The  size  of  the  population  at  the  beginning  of  the  Disease  and  Chronic 
Conditions  period  as  generated  by  the  Immediate  Effects  Submodel,  is  entered 
manually  as  input. 

4 .  Availability  of  Profeasltxtal  Staff  and  Drugs 

The  level  of  availability  of  professional  staff  and  drugs  are  entered 
manually  a«  input.  Under  the  follow-on  contract  it  is  Intended  to  model  this  level 
aa  a  function  of  daily  workload  and  stockpile  depletion.  It  ia  also  hoped  thst  due 
consldeiation  can  be  given  in  future  research  to  priority  decision  rules  regarding 
the  respective  degreea  tc  which  the  various  diseases  sre  vitally  important. 


)-  s; 


C.  Output  Data 

Output  from  the  submodel  includes: 

1.  The  number  of  newly  infectlves  and  the  number  of  fatuities,  both  expressed 
by  5-day  periods  as  fractions  of  the  total  population,  for  each  of  the 
diseases  listed  In  Table  I. 

2.  Drug  requirements  for  each  of  the  four  drugs  listed  in  Appendix  G  are 

printed  as  5-day  totals  and  as  cumulative  totals.  ^ 

3.  A  combined  listing  and  graphic  plot  of  the  total  number  of  infectives  for 
all  diseases  and  the  corresponding  mmber  of  physicians  required  to  treat 
these  infectives.  This  information  is  given  for  each  fifth  day. 

4.  Final  totals  for  the  entire  365  day  period  covered  by  the  model  are  computed 
for  infectives  (overall  total  and  subtotals  bv  disease),  fatalities  (overall 
total  and  subtotals  by  disease)  drug  requirements,  and  physician  time 
requirements . 

Details  concerning  the  precise  use  of  input  cards  and  a  sample  of  output  format 
for  the  Disease  and  Chronic  Conditions  Submodel  are  presented  In  Appendix  D 
Chapter  4. 


and 


V.  SUBMODEL  FUNCTIONS  AND  LOGIC 


A.  General 

The  purpose  of  this  section  is  tc  show  the  basic  information  flow  through  the 
Disease  and  Chronic  Conditions  Submodel  and  to  describe  the  logic  with  which  this 
submodel  simulates  the  generation,  treatment,  era  fate  of  the  diseased  persons. 

8.  Functions  of  the  Submodel 

The  Disease  and  Chronic  Conditions  Submodel  is  designed  to  perform  the  following 
functions  with  respect  to  each  of  the  pertinent  diseases: 

1.  Predict  tomorrow's  fractions  of  newly  infected  and  newly  cured  individuals 
on  the  basis  of  today's  population  fractions  of  susceptibles  and  infectives. 
This  process  begins  30  days  after  the  attack  and  continues  on  a  day-bv-day 
basis  for  365  days — always  using  yesterday’s  predicted  fractions  as  today's 
given  fractions. 

2.  Compute,  for  the  obtained  daily  fraction  of  infectives,  the  medical  staff 
and  supplies  consumed  under  assumed  levels  of  availability;  compute  the 
respective  fractions  of  fatality  thus  entailed;  and  record  these  results  by 
five  day  periods. 

3.  Repeat  this  procedure  for  various  levels  of  radiation  (affecting  the  individ¬ 
ual's  susceptibility  to  disease  a?  hence  the  rate  of  infection),  for  various 
levels  of  quarantine  (eliminating  some  of  the  more  esoteric  diseases  from 
consuming  staff  and  supplies  and  from  contributing  to  fatality),  and  for 
various  levels  of  sanitation  (affecting  the  rate  of  infection). 

C.  Submodel  Logic 

1.  Data  Flow 

A  step-by-step  description  of  the  flow  chart  for  the  Disease  and  Chronic 

Conditions  Submodel  (see  Figure  10)  is  presented  below. 

Step  i.  Control  card  parameters  are  read  in.  These  parameters 
indicate  the  severity  of  radiation,  the  presence  of  quarantine,  the 
level  of  sanitation  measures,  the  vaccination-and-pretreatment  status 
of  the  population,  and  the  initial  size  of  the  population. 

Step  2.  Read  in  the  Disease  Table.  The  contents  of  this  table  were 
previously  discussed  under  Section  IV.  B.  1. 

Step  3.  Set  the  time  clock  to  indicate  the  first  day  to  which  the 
submodel  is  applied — actually  the  31st  day  of  the  postattack  period. 


Fig.  10.  Disease  and  Chronic  Conditions  Submodel  Flow  Chai t 
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Step  4.  Calculate  for  each  disease  the  fraction  of  new  infectives 
for  the  day  on  which  the  time  is  set.  This  current  day's  fraction 
of  newly  infectives  is  the  product  of  (a)  the  last  day's  fraction  of 
susceptibles ,  (b)  the  infection  ratio,  (c)  the  contact  rate,  and 
(d)  the  last  day's  fraction  of  infectives.  The  total  fraction  of 
infected  persons  is  then  determined  by: 

a)  Subtracting  the  fraction  of  the  previous  day's  case  fatalities 
fran  the  previous  day's  fraction  of  infectives.  This  result 
is  called  the  "remainder  of  the  previous  day's  infectives 
fraction." 

b.  Adding  the  current  day's  fraction  of  new  infectives  to  the 
"remainder  of  the  previous  day's  infective  fraction" 

c.  Computing  the  fraction  of  cured  infectives  for  the  current 
day;  i.e.,  the  fraction  of  the  population  that  passed  from 
the  infective  into  the  immune  state. 

d.  Subtracting  the  result  of  (c)  from  (b) 

Step  5.  Print  output  as  previously  discussed  under  Output  Data; 

Section  IV.  C. 

Step  6.  The  time  clock  is  advanced  by  one  day. 

Step  7.  A  check  is  made  for  the  end  of  the  365-day  period  to  which 
this  submodel  is  applied. 

Step  8.  Print  final  totals  and  subtotals  as  previously  discussed  under 
Output  Data.  Section  IV.  C. 

2.  Decision  Rules 

Two  decision  rules  used  in  the  Disease  and  Chronic  Conditions  Submodel  are: 
(1)  change  In  basic  disease  parameters  and  (2)  factors  relating  to  the  increase 
of  death  rate  due  to  the  lack  of  physician  time  and/or  drugs.  The  changes  in 
disease  parameters  for  fallout  are  described  in  Chepter  4  and  factors  relating 
to  changes  in  death  rate  due  to  the  insufficiency  of  medical  resources  Is 
described  in  Appendix  G. 

It  must  be  noted  that  this  model  is  limited  (a)  by  its  consideration  of  each 
disease  independently  of  the  other  diseases  and  (b)  by  disregarding  the  state  in 
which  each  person  finds  himself  with  respect  to  the  other  diseases;  i.e.,  suscep¬ 
tible,  infective,  immune-or-cured ,  or  dead. 
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Chapter  4 

Total  Emergency  Health  Care  System  Model  Case  Study 

I.  INTRODUCTION 

In  consultation  with  Office  of  Civil  Defense  (OCD)  and  Public  Health  Service 
(PHS)  personnel,  New  Orleans  was  chosen  as  the  test  city  for  the  Total  Emergency  Health 
Care  System  Model.  The  availability  of  medical  resource  data  and  the  inclusion  of 
New  Orleans  in  a  recent  damage  assessment  study  were  the  prime  reasons  for  its 
selection. 

The  weapon  effects  were  from  a  1.5  MT  weapon,  surface  burst  at  a  distance  of 
approximately  9  miles  south  of  the  center  of  the  city,  which  has  a  resident  population 
of  1,002,000. 


II.  IMMEDIATE  EFFECTS  SUBMODEL 


A.  Input  Data 

1.  Injuries 

Since  the  geographic  location  of  physicians  (described  below)  was  available 
only  by  Post  Office  ZIP  Code  areas,  these  areas  were  taken  as  the  grids  used  in 
the  model.  For  the  weapon  described  above,  the  injury  spectrum  for  each  ZIP 
Code  area  was  obtained  through  application  of  the  unclassified  Dlkewood  casualty 
curves.-^  These  curves  indicate  the  percent  of  the  population  that  will  receive 
injuries  of  specified  types  as  a  function  of  shielding  and  weapon  parameters. 

Used  in  the  New  Orleans  case  study  were  the  Dikewood  "brick  building"  curves 
(most  appropriate  for  the  area)  and  the  overpressures  calculated  using  the 
slant  range  from  the  weapon  to  each  of  the  areas.  Results  of  these  analyses 
were  prepared  in  the  format  described  in  Appendix  D  for  processing  by  the  sub¬ 
model.  The  25  injuries  studied  and  their  treatment  parameters  are  shown  in 
Table  X.  It  is  noted  that  the  treatment  levels  indicated  for  the  injuries  in 
this  case  study  are  generally  higher  than  the  preferred  treatment  levels  described 
in  Appendix  B;  i.e.,  "upgraded".  A  prelimin  iry  run  of  the  New  Orleans  case  study 


Dav is ,  L.  Wayne,  et^  al.  Prediction  of  Urban  Casualties  and  the  Medical  Load  From 
a  High-Yield  Nuclear  Burst.  Albuquerque,  N.  Mex.:  The  Dikewood  Corporation, 
December,  1967. 
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indicated  that  the  majority  of  the  injuries  were  relatively  minor.  As  a  result, 
the  available  physician  time  was  not  being  utilized  when  treatment  levels  defined 
in  Appendix  B  were  used.  Therefore,  treatment  levels  were  upgraded  to  more 
realistically  simulate  the  case  study  postattack  situation. 

The  numbers  of  casualties  determined  for  each  of  the  24  ZIP  Code  areas  by  type 
of  injury  are  shown  in  Table  XI.  The  Dlkewood  injury  curves  do  not  indicate  possi¬ 
ble  multiple  injuries  per  individual;  the  Total  Emergency  Health  Care  System  Model 
treats  each  injury  as  an  independent  casualty.  The  grand  total  of  casualties  in 
Table  XT  indicates  that  387,030  people  (approximately  39  percent  of  the  one- 
million  preattack  population)  were  injured  by  the  weapon,  either  by  fallout  and/or 
direct  effects.  It  is  noted  that  most  of  the  casualties  suffered  from  minor 
lacerations  and  dislocations,  moderate  burns,  and  fallout  radiation.  In  fact, 
fallout  radiation  accounted  for  286,000,  or  73  percent  of  all  casualties. 

2.  Medical  Resources 

The  preattack  population  (1,002,000)  and  the  number  of  preattack  physicians 

(2,076)  located  in  the  24  ZIP  Code  areas  of  New  Orleans  were  based  on  1966  estimates 

furnished  by  the  National  Resource  Analysis  Center  (NRAC) .  The  physician  data 

were  based  on  the  address  at  which  the  physician  received  his  mail  from  the  Federal 

Government.  The  number  of  allied  medical  personnel  (6,385)  in  the  entire  city 

2/ 

was  obtained  from  a  Public  Health  Service  document;—  unfortunately,  this  infor¬ 
mation  was  not  available  by  ZIP  Code  area. 

Information  on  preattack  medical  supplies  for  New  Orleans,  supplied  by  the 
Public  Health  Service,  was  used  to  form  treatment  packages  (Items  necessary 
for  the  treatment  of  specific  injuries)  for  the  case  study.  Requirements  for 
these  medical  packages  (described  in  Appendix  M)  and  other  treatment  parameters 
(described  in  Appendix  B)  are  shown  in  Table  X  for  each  of  the  25  injuries. 

Table  XII  shows  the  number  of  surviving  physicians,  allied  medical  person¬ 
nel,  and  the  number  of  "treatment  packages"  available  to  the  physicians.  These 
data  on  surviving  physicians  in  each  ZIP  Code  area  were  supplied  by  the  Office 
of  Civil  Defense.  The  other  medical  resources  (allied  medical  personnel  and 
supplies)  were  assumed  to  survive  the  attack  and  to  be  distributed  in  the  same 
proportion  as  surviving  physicians.  Under  this  assumption,  62  percent  of  the 
preattack  resources  survived  and  were  distributed  to  the  24  ZIP  Code  areas. 


2/  Public  Health  Service,  Health  Manpower  Source  Book,  Section  19,  Location  of  Man- 
“  power  in  8  Occupations.  Public  Health  Service  Publication  Nimber  263  (Section  19) , 
Washington,  D.  C.:  U.  S.  Government  Printing  Office,  1965. 
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NUMBER  OF  INJURIES  BY  INJURY  NUMBER 
(In  Tens) 
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Hospitals,  and  consequently  surgical  teams,  are  assumed  by  the  model  to  be 
located  in  one  grid;  ZIP  Code  70115  was  chosen  because  the  majority  of  the  hos¬ 
pital  facilities  are  located  in  this  area  The  number  of  surgical  teams  in  this 
grid  was  assumed  to  be  one-sixth  of  the  number  ot  surviving  pnysicians  m  the 
grid. 

The  format  for  these  resource  input  data  processed  by  the  model  is  described 
in  detail  in  Appendix  D. 

B.  Results 

The  distribution  of  the  387,000  casualties  considered  during  the  Immediate  Effects 
time  period  (60  days  postattack)  is  given  in  Table  XIII  by  type  of  preferred  treatment 
and  treatment  actually  given. 

A  total  of  5436  medical  personnel  survived  the  attack;  i.e.,  1301  physicians  and 
4135  allied  medical  personnel.  As  stated  previously,  simulating  the  New  Orleans 
postattack  medical  situation  using  the  preferred  treatment  levels  described  in 
Appendix  B  resulted  in  no  "downgrading"  of  treatment  level;  i.e.,  adequate  personnel 
were  available  at  the  preferred  treatment  level  for  each  injury.  However,  using  upgraded 
treatment  levels  s.iown  in  Table  X  required  more  physician  time  than  was  available.  This 
is  illustrated  in  Table  XIII,  which  shows  that  57,120  of  the  104,250  casualties  for 
whom  physician  treatment  was  preferred  were  actually  treated  by  allied  medical  personnel. 

Further  examination  of  Table  XIII  serves  to  indicate  that  a  sufficient  number 
of  allied  medical  personnel  survived  because  they  were  able  to  treat  all  casualties 
(325,720)  assigned  to  them;  i.e.,  the  268,600  who  were  designated  as  being  in  the 
allied  medical  personnel  preferred  treatment  level,  and  the  57,120  who  were  down¬ 
graded  from  the  physician  level  of  preferred  treatment.  Note  that  the  row  labeled 
as  "untreated"  shows  that  only  13,820  casualties  received  no  treatment.  However, 
all  of  these  casualties  are  listed  under  the  column  labeled  "no  treatment";  i.e., 
those  casualties  that  were  so  severely  injured  that  treatment  would  be  of  no  avail, 
irrespective  f  its  'evel,  or  those  with  minor  injuries  that  require  no  medical 
attention  to  assure  recovery. 

Table  XIII 

NUMBER  OF  CASUALTIES  AT  EACH  ASSIGNED  LEVEL  OF  TREATMENT 
(All  Values  are  In  Tens) 
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The  medical  treatment  packages  available  initially  for  treatment  of  these 
casualties,  the  numbers  used,  and  those  remaining  after  the  60  day  Immediate  Effects 
period  are  shown  in  Table  XIV.  These  totals  for  the  entire  City  of  New  Orleans 
Indicate  that  sufficient  treatment  packages  were  always  available.  However,  a  de¬ 
tailed  analysis  of  results  for  each  of  the  ZIP  Code  areas  indicated  that  the  supplies 
of  several  types  of  packages  were  depleted  and  the  model  does  not  consider  movement 
of  medical  supplies  or  personnel  from  one  grid  to  another.  For  example,  the  supply 
of  Treatment  Package  BI,  which  is  used  in  the  treatment  of  severe  bums,  was  inade¬ 
quate  in  20  of  the  24  ZIP  Code  areas. 

Table  XIV 

STATUS  OF  INVENTORY  OF  EACH  MEDICAL  TREATMENT  PACKAGE 
(All  Values  are  in  Tens) 
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The  numbers  of  deaths  during  the  Immediate  Effects  time  period  are  reported  by 
level  of  treatment  in  Table  XV,  which  shows  a  total  of  184 , 900 ‘lea ths ;  this  is 
approximately  18.5  percent  of  the  preattack  population.  A  comparison  of  those  deaths 
with  the  casualty  data  reported  in  Table  XIII  indicates  that  deaths  occurred  for  47.8 
percent  of  the  387,030  casualties.  The  high  death  rate  among  the  injured  is  due 
primarily  to  the  high  mortality  (167,000)  from  fallout  (it  was  assumed  that  medical 
attention  did  not  affect  the  number  of  deaths—  is  assumption  could  be  in  error). 
Deaths  expressed  as  a  percentage  of  casualties,  by  level  of  preferred  treatment,  were 
40.8  percent  for  "No  Treatment",  27.8  percent  for  "Surgical  Teams”,  10.8  percent  for 
"Physicians",  and  62.5  percent  for  "Allied  Medical  Personnel". 

Table  XV 

NUMBER  OF  DEATHS  AT  EACH  ASSIGNED  TREATMENT  LEVEL 
(All  Values  are  in  Tens) 
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Upper  and  lower  bounds  for  fatalities  in  the  Immediate  Effects  Submodel  were 
obtained  by  using  the  respective  probabilities  of  death  associated  with  "no  treatment" 
and  with  "adequate  treatment."  Ttiese  results  indicate  that  18*, 000  deaths  would 
occur  if  everyone  received  medi-al  care  and  188,000  deaths  would  occur  if  no  medical 

care  was  available. 
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III.  DISEASE  AND  CHRONIC  CONDITIONS  SUBMODEL 


A.  Input  Data 

The  817,000  survivors  of  the  Immediate  Effects  Submodel  were  use'4  as  input  for 
the  Disease  and  Chronic  Conditions  Submodel  and  subjected  *•-  ....r.e  diseases  under  the 
simulated  postattack  conditions  of  this  study.  The  nine  diseases  are:  Influenza, 
Paratyphoid  B,  Bacterial  Dysentery,  Infectious  Hepatitis,  Whooping  Cough,  Measles, 
Diphtheria,  Gastroenteritis,  and  Scarlet  Fever.  Other  communicable  diseases  are 
presently  absent  in  most  major  U.  S.  Cities,  and  could  be  prevented  by  effective 
quarantine.  Pneumococcal  pneumonia  is  not  considered  in  this  test  run,  since  it 
would  act  as  a  complicating  disease,  rather  than  as  an  epidemic,  per  se. 

A  brief  discussion  of  the  values  assigned  to  the  parameters  used  to  analyze  the 
effects  of  these  diseases  on  the  surviving  population  and  the  method  by  which  they 
were  calculated  from  preattack  equilibrium  conditions  is  presented  below: 

1)  The  fraction  of  the  infected  persons  that  will  become  infective  them¬ 
selves  is  called  "infective  ratio"  (AL)  and  is,  for  the  purpose  of 
obtaining  preattack  equilibrium  values,  assumed  to  equal  0.5.  Under 
postattack  conditions,  it  is  assumed  to  have  increased  to  0.75  due  to 
radiation  exposure. 

2)  The  initial  infective  fraction  (SSS)  was  obtained  by  assuming  (a)  an 
influx  of  new  susceptibles  into  the  population  (mainly  as  newborn) 
equalling  2  percent  per  year  (which  is  2  ner  3b, 500  person-days)  and 
(b)  a  value  0.5  for  the  preattack  infective  ratio  (AL).  Hence,  the 
initial  Infective  fraction  quals  D  .lb ,501);  where  D  is  the  duration  of 
infect  ivlty  in  an  infective  person,  as  obtained  fro®  various  textbooks. 

1)  The  initial  susceptible  fraction  (SR)  was  obtained  fro®  the  t I  me  interval 
it)  between  two  consecutive  wave  peaks  bv  applying  the  formula  •  «  t  * 

(s  •  susceptible  fraction;  ®  *  birth  rate)  to  prealtark  data  obtained 
fri«  the  literature  (see  Section  III  of  Chapter  1. 

(•)  Ttie  contact  rate  tlh>  was  calculated  with  the  formula: 

IB  •  J . /(SR*A1.*DIN> ,  where  AT  »  infective  ratio  aid  DIN  is  duration  of 
the  infect ivitv  in  an  infective.  Oniv  for  influenza  could  the  contact 
rate  be  calculated  sore  direct lv  fro®  the  observations  (see  Section  II! 
of  Chapter  3). 
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In  addition  to  using  intravenous  infusion  units  and  broad  spectrum  antibiotics 
(aapicillin  equivalent)  that  were  not  consumed  by  the  Immediate  Effects  Submodel, 
penicillin  and  sulfa  were  also  required  for  the  Disease  and  Chronic  Conditions 
Submodel  of  the  total  model.  The  surviving  penicillin  and  sulfa  were  calculated  from 
the  preattack  total  in  a  manner  similar  to  that  described  in  Section  n,  a.  2.  of 
this  Chapter. 

3.  Results 

Figure  11  provides  a  comprehensive  picture  of  the  postattack  posture  of 
New  Orleans  under  the  assumption  that  an  unlimited  supply  of  physicians  is  available. 

The  number  of  diseased  (infective)  individuals  and  the  number  of  physicians  required 
for  treatment,  are  plotted  for  each  5-day  interval  throughout  the  entire  "Disease  and 
Chronic  Condition  °eriod"  of  30-365  days. 

Further  attention  should  be  given  to  two  peaks  that  occur  in  both  graphs — a 
sharp  peak  at  55  days  and  a  broad  peak  around  150  days.  The  55th-day  peak  can  be 
attributed  to  -  widespread  epidemic  of  gastroenteritis,  whereas  the  broad  15Qth-dav 
peak  can  be  blamed  for  the  most  p^'t  to  a  combination  of  three  diseases;  i.e., 
bacterial  dysentery,  paratyphoid,  and  influenza  (see  Table  XVI).  The  shaded  area  of 
the  "Physicians  Required"  curve  represents  physician  time  that  exceeds  the  estimated 
time  available. 

Table  XVII  presents,  by  5-day  intervals,  the  drug  requirements  for  the  epidemics. 

It  is  apparent  that  the  drug  supp '.y  in  R»w  Orleans  was  inadequ^ce  with  respect  to 
intravenous  infusion  units  (57,000  units  available — 290,104  units  required),  penicillin 
(281,000  M  units  available — 895,806  'I  units  required),  and  broad  spectrum  antibiotics 
(ampfcillin  equivalent)  (971,000  grams  available — 1,430,804  grams  required).  On 
the  other  hand,  there  was  a  sufficient  quantity  of  sulfa  available. 

It  is  important  to  note  that  under  these  ideal  "drug  and  physician"  conditions 
only  15,494  oi  1.9  percent  of  the  original  817,000  survivors  of  the  Immediate  Effects 
period  died  from  infectious  diseases  during  the  ensuing  year  (see  Table  XVIII). 

In  order  to  provide  a  more  accurate  picture  of  the  "postattack  disease  problem" 

New  Orleans,  a  simulation  run  was  made  utilizing  those  medical  resources  estimated 
to  actually  be  available  (see  Section  III. A.  of  this  Chapter).  This  more  realistic 
approach  resulted  in  31,485  deaths  as  shown  in  Table  XIX.  This  represents  3.85  percent 
of  the  817,000  survivors  of  the  Immediate  Effects  time  period  and  is  15,991  more 
fatalities  than  would  occur  with  maximum  medical  resources  available.  A  comparison 
of  disease  death  totals  in  Tables  XVIII  and  XIX  indicates  that  most  of  the  added 
fatalities  (11,653)  can  be  attributed  to  gastroenteritis.  This  fact  is  easily  explained 
by  the  short  supply  of  intravenous  infusion  units  that  are  needed  to  treat  this  disease. 
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An  upper  limit  to  this  problem  was  obtained  by  simulating  the  New  Orleans 
study  with  no  drugs  and  no  physicians  available  (see  Table  XX).  These  resu1 ts  show 
that  284,835  fatalities  would  occur  under  these  conditions — 35  percent  of  the  survivors 
of  the  Immediate  Effects  phase  or  an  1,839  percent  increase  over  the  minimum  estimate 
(maximum  drugs  and  physicians  available)  and  a  905  percent  increase  over  the 
"realistic"  estimates. 


i 

i 

i 


4-11 


i-c*m  "• 

“o’-  «r?»c«* 

«:>  »•,  »  I  .*  II  ti<  »tne«- 
f  «»**  *rt««  mic<> 

>•1  > *» III- U 1 1<“,  /0»TI* 


mjuiL 

iiTiii 


tut 

-1IUIII. 

mm 

n*r 


-.it’.. 


Of  >»#«£>  i»n _ 


(1|0«  /  PkT'IC#"  b**> 


urr  mv 

«  DMI 

mem 

J*Q7 

ttl 

diC* 

Hws 

HI 

75>»> 

■»*> 

l?0»»vo 

••> 

4||4|S 

Tn 

•'*» 

t  *,‘ni 

•'ll 

M/ 

•**» 

*i| 

*  l‘*.M 

T  1*4 

1  TU 

*•*14/ 

l  '*» 

oa,s‘j*. 

U’ 

l*o 

1 t*t 

^  i  ■?  »**,• 

1  >ll 

UJ'Ji 

l  ’ » 

1**4?? 

1  'll 

1 

\  '*» 

Ml  **> 

l«J 

1  <a  f  >► 

1  >•> 

l  -'ll 

*  “  *  l 

l  •»*» 

;  *  / 

:  o 

1  4*  'P* 

1  'T 

Ml*;' 

l  >y 

.  * *»•>.'« 

i  '  l 

i  -.1 

■  Ml/ 

I  •*> 

.  1 

l  #u 

1  ’  /«•!«  » 

l 

**  >41 

/  ««■ 

1  ,1* 

>  ^ 

M 

Ml 

>41  *■ 

r-O*'*  * 

/  >il 

•  4  /*#• 

-  >•» 

'  i  • 

4  /  »/  < 

/  *» 

0  /  #W|t 

1 1. 

»  <J  l|  W  f. 

/  0*0 

'4  Ml 4 

.*  Ill 

'y  i/i 

'  -|N 

>  M  *  • 

/*« 

/4  . 1  “ 

>1  .w 

“  Fl, 

t  »r  ^ 

f*i 

1 7/si 

Ml 

MM* 

/  ■**> 

1  4  ■ 

'  >" 

1 

/  #*? 

1  /'I  4 

\  1  | 

»  !•■/► 

\  ••# 

iillf.' 

MW 

4  >/.' 

M  •> 

4r  1  4 

Mil 

7*4  4 

<  :>•» 

*  <u 

•»n>- 

*,  «*> 

M  >- 

*  «i 

J4*> 

*>*V/ 

J>» 

**«&». 

"0 

4/7  7 

"•l 

4  *>4'# 

Bl.0? 


bmyJiC»iH 


BIOT 


<•<!•  Hilt  tlt'tt  |MIM 


Too  1555  i»«o  5*15 


fl*.  u* 


Fig.  11.  Plot  of  Iofactivee  and  Required  Phyeiciene 


ri«  iu 


Table  XVI 


NUMBER  OF  NEW  DIRECTIVES 
BY  DISEASE  AND  BY  5-DAY  PERIOD 


l  v 1  |.|*  tir  *7T#C<- 
‘■fcs  *•(»»•  >.♦*»  usfc  aTTaC<- 
*»  »*•  |  *'  h  At  >t  i  *TT  ac*- 
*■’*>  v,  i.4vs  /*  It  4  a  TT*C<- 


Sfc't  OkLM*S 
1 uO^nna 
i onoonn 

ai 700ft 


’•AX  s 


a  •  »  ..At 

-  —  —  — 

~  ■  — 

'!  iflSP 

rnr.L 

PUIOD 

m;". 

I»  1  A-  B 

r.»sr 

HPPa 

INTL 

P«*i 

SC  4* 

4NO0 

<  *, 

1  rtl*  . 

'M4  . 

1  HO  . 

1  7<’. 

149. 

110. 

1*0. 

1»*. 

17.0  . 

•  '1 

2?9. 

?"17. 

74S. 

2  70  . 

?  C  4  . 

M2. 

163. 

4 .3  ft  4  . 

<5 

V  »' 

AM  . 

1  7^4  1  . 

560  . 
MS. 

4  1  7  , 

?9tx 

26  2j_ 

3iC 

.184. 

172. 

*>  i 

►  f*l 

4i7, 

■  -<?S57 

621  . 

423i. 

<64  , 

1  Sri  i 

T5l  7*. 

- 1 

-1'. 

S  A  A  « 

7l<-. 

«13. 

466. 

*17, 

*0* . 

188. 

1 858  ?  9 . 

*.0 

11  M. 

7«4, 

It  HP^A  . 

\3?4. 

79  3  . 

*2V 

11*2. 

204. 

1 25 1 2*  . 

<,*9 

1  ►*-’*  . 

*40  7. 

40 . 

1440  . 

l9ft4. 

1  ft  4  ^  . 

662. 

t*i*. 

221  . 

3789a, 

>  : 

l'«?. 

t  7A7H . 

1 7S  7  , 

?7ns. 

1 4 1  * . 

*2*. 

2223. 

237  . 

30370. 

Al  1  1  . 

'lY?/ 

. 

?1^A. 

27S4  . 

»ftno . 

_l5944 

16??.  ~ 

lOjn. 

2976. 

253. 

_2J077  . 

..  •« ;  i . 

s  2  A3 . 

3*57 . 

27ft. 

23*70 . 

<•> 

si  i; 

5ft  »1  . 

7JS 

42?H, 

1978 

1*1". 

47*9t 

?94  ^ 

240P7. 

>*) 

oi  1  7  , 

40  <7. 

?1?. 

3S9A  . 

iOAl  . 

2036. 

200?  . 

**.  7 . 

3n  . 

3353“ . 

J*> 

*•- 1-< . 

S/>SS. 

41. 

440ft  . 

1  P39  7  . 

1966  . 

2484  . 

h30l 

32*. 

39510. 

1  in 

/  >H  7. 

}  7  kA  , 

o . 

3A?4  . 

1"*27. 

164  7  . 

Jft?3. 

6*1?. 

345. 

45367. 

1 

74?  < . 

0 , 

3A61  . 

l.o.o. 

1660. 

3774. 

SS7H. 

368  - 

50  7ft  7  . 

1  l') 

/  l<  f*  W 

13771. 

1  ""n 

337". 

?1  3?1  . 

1436 

1177 . 

*2rT— 

«1Q3. 

i  ’  "> 

r  t''  . 

1  V.'?. 

n . 

3Q0  7  . 

2  1143. 

1?2V 

4614  . 

S63ft. 

*0*. 

66AflR  , 

1 

S*V. 

1  so  <5 . 

0 , 

2.0  7 . 

?  «7Aft. 

1P?1  . 

6766. 

492H. 

42?. 

6 1 0 .3  a  . 

.  •*> 

a  ►  . 

1  MO. 

0 , 

2?1*>. 

2  t?ft^. 

647. 

6066  . 

4  ?  0  0  . 

449. 

62280 . 

1 

?•!***  4. 

n  , 

1»S0. 

216911 . 

666  . 

9S*ft  . 

1606. 

4  66. 

*25?.  . 

<  <?n. 

227-3. 

n . 

iSJA. 

I*?***. 

666. 

11*73. 

P*8*. 

492. 

ftl«27. 

?A0  <4  . 

ff. 

1**646. 

449. 

tf*«l. 

P145. 

?5T! 

*5*3* . 

1  «•> 

✓  i  /a. 

?  4  4  **  .4  , 

0 , 

lOpi . 

1 1*7*. 

36  4. 

l*?t". 

1 496 . 

523 

587?  1 . 

1  ’» 

i  '«i . 

74H". 

n , 

H34  . 

11*4?. 

294  . 

1»7S". 

1*2^. 

*3*. 

5*337 . 

1 

1  '•** . 

pin". 

ft . 

670  . 

5?  7*> , 

246. 

1 7096. 

i?i*. 

55*. 

63580. 

1  *''1 

1 1  u '. 

pi1"". 

n . 

S4R. 

7404  . 

1  vs. 

1*117. 

972. 

‘•72. 

50470 . 

1  s" 

w  /*♦  . 

1*0  79. 

1 7saj. 

0 . 

4 14  * 

I"*!  . 

4664  , 

16  1. 

16790 . 
1^9^  . 

764. 

688. 

47160 . 

fc  ■»  » . 

n . 

360  , 

1 49. 

*ii. 

?5T. 

4  37 2  4  . 

•  £  ■ 

ISSy?, 

n 

?V4  , 

•679 

114 

490. 

*13. 

40 ? 4  7  , 

-n 

M', 

1 40 i 5  , 

o 

?37. 

/» 7  6  7 

1 8K  76  . 

364. 

*21  . 

36740. 

,-> 

1177(i. 

ft. 

19A. 

’1"7. 

*2. 

17*46. 

Ml . 

*2*. 

33341 . 

1 

;  fv  , 

I'M"*. 

o , 

IS4. 

i  A7S, 

7  4  . 

1***3. 

24*. 

6J7, 

3006A. 

1  '•> 

/Olj 

M  . 

. 

73;*. 

0 , 

-ULi 

u«. 

J?99. 

ions. 

65. 

1*7.4 , 

196. 

63  7. 

26*27 . 

’  72. 

‘  ft .' 

67. 

1 4* 64  , 

1*57 

646  . 

24T20. 

, 

1  4^ . 

M  <14  . 

ft , 

9ft  . 

766. 

49  . 

13304. 

131, 

646  . 

21337. 

r  t  (1 

ii>. 

n>j7. 

ft , 

H2* 

*14. 

49. 

12**2 . 

106, 

M6  . 

10093. 

✓  |  -> 

Vi , 

4  14H  . 

n . 

66, 

462. 

49  . 

10*!,?. 

82. 

646. 

16654. 

74  . 

JAkA. 

0 . 

S  7  . 

37*. 

41  . 

9716. 

68. 

637  . 

1465?. 

/ 

•>7. 

40**. 

i> . 

bf  • 

302. 

*j. 

8*64  . 

*7. 

637. 

12*95 . 

A  *7 

.  ,-r. 

"  ,<r. 

r*>r 

41  . 

"7473. 

~rr 

7775; 

riTi « . 

.  <*> 

4 1 . 

21"7. 

11 

*\  . 

196. 

41  . 

6703  . 

41  . 

621  . 

9021 . 

✓  1I» 

4  '  . 

1  7o" . 

ft . 

<1 . 

1*4. 

4  1  . 

6974. 

33. 

*13. 

8698. 

,  AS 

A  1. 

14  ,S. 

ft . 

*1  ■ 

131  . 

*  1 . 

6266. 

33. 

608. 

7633. 

.  10 

?s. 

12^0. 

n , 

33. 

114. 

«) . 

4609. 

24. 

69  7. 

6693  . 

1  1 

?*>. 

|IM», 

ft . 

43. 

96. 

34. 

4037. 

2*. 

584. 

5076  . 

1  ^  . 

•  a  0  , 

ft  t 

S3. 

9r. 

TS 

Jp22. 

7*T 

’  57  7T 

?1?A. 

1* . 

7)0. 

'S 

43* 

62. 

3*. . 

3*01  . 

16. 

864. 

4  S  4  A  . 

1*. 

S  47  . 

ft  , 

33. 

74. 

3  1. 

2080. 

1*. 

?.*. 

J9  9 A  . 

1'  . 

49*1 . 

0 . 

33  • 

66. 

34. 

27J7. 

16. 

539. 

3534 . 

,  -Ml 

l#‘  . 

4<g 

ft 

}b  . 

66  . 

jj 

2*3*. 

l*. 

52  3. 

312’  . 

t'  ’’*> 

l'>  . 

i.j. 

ft  . 

?b 

b  7 . 

.13  . 

1773. 

1*. 

5  0  7  . 

2770  . 

r  7  0 

?7M. 

ft  , 

?*>. 

b>. 

4l  . 

I’ll*. 

16, 

494  . 

24*0  . 

,•  -2*» 

**  . 

pp«. 

ft  , 

?S. 

6?, 

«i 

1-34  0  . 

i*. 

48  2. 

2196. 

\  HI 

r  t 

tkA. 

0  . 

26. 

4V. 

*\. 

11*0. 

16. 

466. 

196  3  . 

d  v> 

»•  . 

i"". 

ft . 

2». 

40. 

31. 

;*o*. 

i». 

449  , 

1749. 

0  0 

k  , 

1  u. 

ft . 

^6. 

49. 

«I. 

■74. 

1*. 

441  . 

1808  . 

1 

XT  6  * 
►<?. 

!L. 

25* 

- 

11*  _ 

700.  . 

- 

425  . 

_ 1*3*  1 

k  ( 

n , 

20. 

49. 

41  . 

684  , 

1*. 

409  . 

120  3. 

,w*> 

M  , 

AS  . 

ft . 

2*. 

4». 

«i. 

67?  , 

t*. 

400  . 

1177. 

k 

S7, 

ft 

?5 , 

49# 

41  , 

4fO. 

16. 

384. 

1071  . 

A  *  • 

M  * 

41. 

0 . 

2^. 

4v. 

41  . 

*2*. 

1*. 

376, 

901  , 

-s4>’ 

H  , 

M* 

ft. 

2^. 

49. 

41  . 

366  * 

16. 

3**. 

090  . 

•*«*» 

H, 

H* 

zi*_ 

11*- 

Ul. 

l6  . 

151. 

53*. 

k  , 

ft. 

2S>- 

.  . 

««. 

<1 . 

?76. 

16. 

119. 

7*4. 

H  , 

ft . 

2*-. 

49, 

?J7, 

i*. 

327. 

7 1 9  • 

jAft 

4  . 

ft . 

lb. 

49. 

41  . 

2C4  . 

i*. 

311. 

A  A  ?  . 

3*5 

«*  . 

A  . 

ft . 

41. 

*«. 

«i . 

16ft. 

18, 

302  . 

*37. 

TOTAL 

92491. 

»m>. 

494040. 

311*1. 

m*33. 

17114. 

Will. 

13*41. 

M)M. 

1**1717. 

lA-13 


Table  1711 

DRUG  REQUIREMENTS  -  BY  5-DAY  PERIOD  AND  CUMULATIVE  TOTAL 


Note: 


llTWt 


- imrnr  bt  .m;.-  mu  w.mi  .  m  t 

»•«*  Mrnt,  »rt»c<- 

inn~**f Trh  a?uc«-* 

J»*  nAT|  Bf  T>M  *TT»e<- 
DfT  XOTUSI®  AVAIURS  ~  J7000 

PWICIILI*  AVAILABLE  -  2IIOOO  H  WIT 5 

KL M  AVAILABLE  -  124*000  OUM 

a-b  antibxo  (AWICIU.M 

IQ01VAUVT)  A  VAX  URI  -  971000 


■  - DrtlAVSSOOl 

wits 

LAfT  Mt  - 

Ut  POLKS  RBQUU2D 

IT  94*. 

JtSlL 


-PWICIUDU 


kiuiom  op  arm 


-SULFA- 

CRAW 


-  ANPICILLtA- 


fOTAL  UQUIUD 
9*4, 


TOTAL  KtqoIftB  UQUIUD  TOTAL  UQUIUD  REQUIRES  TOTAL  UOUIUD 


1  3* 
10 
hs 
no 

PH 

JLl 

mb 

t>o 

1  74 

:«n 

m 

ill-. 

m 

>oo 

90* 

>n 
»n 
u  i 
>>* 

7  n 
MB 
*41 
*4  4 

Mi 

mb 

>41 

>71 

>70 

Ml 

m1 

>11 

mb 

rm 

vn « i 
Mi 

in 

Mi 

Ml 

Ml 

MB 

Ul 

BAA 


*». 

■>401  04  . 

>404  . 

— 1,1 it;: — 

1U1UC 

— ttht; 

rnrirr 

«• . . 
■>. 

*_go  i  n «  , 

’>  4  0  t  0  4  . 

.12**1... 

2144. 

•  MV 

TUA." 

1)  7?4>4 , 

nmr?. 

lllll. 

— mu:  - 

"iTOli. 

V*  4  0  i  04  , 

>079. 

;,7MQ, 

1 143136 , 

n. 

Min. 

i?M4?4. 

M, 

900 1 04 , 

~7Tn7 . 

TT«,H»4. 

if*  M . 

11*61.  t . 

iJUllJ. 

r , 

9*0, 04 , 

1  •  4  4  . 

•AMI). 

41  40  . 

1 >4460*. 

>025  7. 

»g  0  1  0  4  , 

1444. 

0*3404 . 

)«1V 

1  >»MM. 

17744. 

« . 

9mOj04  , 

>  C  0  1  0  4  . 

^•47. 

1  *04  . 

4*7044. 

t>72. 

fw. 

ilMfT*. 

iTttl4f». 

1334*. 

norr 

1  5 J t  4  7* , 

flitlT*, 

i  . 

>  g  o  i  o  «  . 

P*V 

lT?T. 

W'r  • 

MH  , 

HAM40. 

IP*7. 

1 337 334. 

>y  1 1 n  a . 

iHll. 

1 UTm . 

7vni»« 

?gAi 04 . 

9V«1  ft*  , 
><*0i  04 . 
?g0i04. 
>VOi 04, 
>10*04, 

9g0, 04, 
iyO , 04 , 
940104, 

»<iOi  44 . 

944,04. 


SgfliAo. 

>40^04_, 
>*0l 04 , 
>*Oj  04  . 
>40 1 04  , 


1440 

1MV~ 

t*>0 
MM  , 

M*». 

l*i  ? 

1445. 

tin. 

MIA. 

I  Til. 

MOO. 

~  pt*. 

1**4. 

i'w; 

IMA. 

*  1 1  ii . 


•  1IM. 

*7M1f, 

•?T0AB. 

yMjii 

a«ai4a. 

-Wfr- 


HA&. 

"TT7T— 

>45. 

‘IV 


HS"34A. 

"TTfmtr 

iHOjAp. 

mill*. 

Hit  >44  . 

1 1  iTHa  . 


AOJB. 

mi. 

4441  . 
444  4. 

:snr 


niiiii 

iiJTMi. 


M«*M . 

•inirj. 

TiltJI. 

*•*•««. 

Mllll, 

Will. 

Ml**,. 


21  . 

K1M1J. 

irrr- 

7M. 

MT. 

1  7A. 
IJT. 

IKSb^a. 

mm?. 

umwf; 

1 1 )  J7M  . 

lllTOf. 

t  11)144 . 

"  m  mi 

>ipi . 

im: 

2tii. 
TT1T.  ~ 
HJ4, 

- m  r 

l  «|  4  mo . 
M172P8, 
HTfTl4. 

I 42i 13* . 
HPTAf4, 
M31460 

*>. 

11. 

fi: 


t 1 141*1 . 

i 1 i*i*? ■ 
u»m»». 


,ii,. 

tfif. 

HI: 


1414004, 

rora? . 

iMOOll. 

MlKTfo. 


Arrow*  indie* c*  point*  *t  which  *v*il*hl*  mdlctl  *uppll**  *r*  dtpl*t*d. 


4-1*3 


T«bl«  XVIII 


NUMBER  OF  DEATHS  WITH  MAXIMUM  MEDICAL  RESOURCES 
BT  DISEASE  AMD  5-DAY  PERIOD 


i p c *  1 1 o»«  »>r 

r-rufti  i  t  T aca  - 
•i~s  **••/  1*4  ai  um 
P  tp  in  n*?s  »lfM  » T T AC* • 


WfrK  CPlMN*  -  4ftK  5 

i  oofconfl 
lonrnno 
*j  >noo 


«  >  T  L)aY 
IN  PERIOD 

1*> 

40 

41* 

>U 
N  “> 

Ml 

NT 

7,1 

/•» 

Mt) 

JO 
Ot 
J  'll 
1  «•> 
l  1  “i 
1  1  ■» 

!  •*  -I 

1  '« 
i  IT 
1  <0 
J  A  *i 

1  ti) 

1-5 
1  Mj 

i*'*' 

1  >0 
1  7i 
1-P 


1  •*  ■* 

✓  V) 

/■  •»*» 

/  \  <1 
<1* 

,,  70 
,■  >  1 
,  '  I 

,  t*> 

,•  10 
.  A  ■> 

*  *■! 

<  "»** 
/SJ 
**■> 

✓  7() 

,  7*> 

c  -  1 

<  »0 
#'4 
'll! 

Jlft 

314 

J>0 

3>5 

v)  <0 

J  )> 
140 
J45 

3*10 

.154 

AM) 

34*> 

'lit*. 


nisf.Sc 

ni** 

I)|4F 

G»ST 

MFPa 

inn 

n . 

0  • 

4. 

0  9 

P  . 

ii , 

M  . 

ZS. 

0. 

n. 

o. 

P  . 

.  18«, _ 

JL- 

i . 

K  » 

0. 

ft . 

< , 

H  • 

ZCl". 

II . 

ft. 

In. 

M  , 

l3l*  . 

fl  9 

ft  9 

I*. 

K  , 

531 . 

H, 

l*. 

2^, 

1  *. 

1  VP, 

H  , 

IP. 

3  i. 

'  T  • 

_ »« , 

ft. 

_  ?!>. 

4  i  , 

*5. 

*r'. 

ft  9 

41  , 

*>/. 

o. 

H  . 

ft  9 

49. 

6* . 

11 . 

0  . 

ft  . 

ft*>  9 

. 

1  o  • 

0  . 

1ft. 

9D  . 

MJ. 

••  t  . 

0  . 

1^. 

114. 

*  ’  . 

ii<  . 

p . 

ft  9 

I  ll  . 

1'  . 

1  »N# 

p . 

ft. 

7  1  , 

1  il  . 

n . 

ft  . 

163. 

6*» . 

Ins. 

p  , 

ft. 

i  >?. 

*>7. 

1  H«. 

p  . 

ft  , 

1  ft.4. 

41  , 

>«/. 

p  . 

ft. 

1  ^  . 

3  <. 

>  . 

p  . 

ft. 

1  J9. 

3  1. 

)>  1  7  . 

p , 

ft. 

1  ?3 . 

2  ’  . 

715, 

p . 

0. 

Oft, 

1*. 

14, 

r . 

c. 

.Z. 

1". 

P  >w . 

n . 

p. 

*«. 

2  i  >  . 

P . 

p. 

4V. 

1  ')•>  . 

n . 

r . 

41  . 

l  -n . 

p  . 

r, . 

3.'. 

M. 

n , 

c«. 

?*. 

0  , 

i  iQ. 

ft , 

f. . 

1‘. 

*1 1 

1  7  4  . 

n , 

c . 

IP. 

M  , 

u*  . 

p  . 

c . 

ft. 

0  , 

*P  . 

p  . 

0. 

ft. 

o  . 

/  4  . 

ft , 

0. 

ft. 

I> , 

..S  . 

n , 

p , 

ft. 

1* , 

40. 

ft . 

0  9 

ft. 

•< , 

41  . 

o . 

G  . 

P. 

»l# 

*1  . 

n . 

0. 

0. 

II 

1.1  . 

p  . 

0  . 

1 . 

1 

T  . 

n , 

p . 

n. 

It , 

‘5  . 

p  . 

r . 

0  . 

" . 

1  *  . 

n , 

o . 

P. 

0  , 

1  h  , 

p  . 

C  . 

P  , 

II . 

1  N  . 

P  9 

P  9 

0. 

Il  f 

1  . 

1, 

P  , 

•1 , 

M  . 

P  9 

r . 

fc  9 

1* , 

M  , 

P  . 

p . 

o. 

1 . 

M  . 

P  . 

p. 

p. 

1 , 

«  . 

ft  , 

P  9 

n. 

Il , 

u  . 

ft  . 

r. . 

r* . 

0 , 

0. 

P  . 

G  . 

. 

1 , 

n . 

P  9 

p . 

o. 

o  . 

0  . 

0* 

0. 

0  , 

0  . 

ft  9 

p . 

ll , 

0  . 

p. 

1 . 

0  . 

ft  . 

u. 

II 

II . 

P  . 

Pa.  - 

c. 

,1 , 

p . 

ft  . 

0. 

" . 

n , 

ft  , 

0 . 

0. 

» . 

o . 

ft. 

0* 

II , 

n . 

ft. 

8  • 

«. 

•1 , 

p. 

ft  , 

p. 

1 

fit 

ft. 

t. 

n . 

ft  . 

t. 

0  . 

0. 

0. 

«. 

fl , 

ii  • 

ft. 

i 

o , 

«. 

U4  /  . 

»*•«. 

1 

117.  _ 

nil. _ 

mpaS 

Pam* 

$CA« 

MMpO 

Tom 

n . 

p  . 

0. 

0. 

a* 

n . 

0. 

0. 

n. 

?4 . 

n,  _  _ 

n_|_ 

_  -Oa _ 

ft.  - 

-  JU*. 

p . 

n. 

0. 

ft. 

lft?l . 

p. 

n . 

0. 

nt 

2034. 

r( . 

o . 

p. 

ft. 

1  3*a  . 

p. 

A  , 

o . 

0. 

*»AA  . 

P. 

A. 

0, 

0. 

27ft. 

A  . 

0. 

_ Aa _ 

111.* 

ft  . 

A. 

6. 

0. 

154. 

ft. 

A. 

o. 

ft. 

17?. 

ft  . 

IP. 

0. 

ft . 

204 . 

ft  _ 

1ft  9 

n . 

0. 

243. 

ft  _ 

25. 

ft . 

ft  9 

311  . 

0  . 

25. 

ft. 

0  . 

335. 

P  . 

33. 

ft. 

0. 

5m  . 

A  > 

41  . 

0. 

p. 

417. 

ft. 

49. 

0. 

ft  9 

449. 

n . 

57. 

0. 

p . 

474. 

cl 

65. 

0. 

ft. 

4ft?  . 

o . 

74  . 

0. 

0. 

4A?. 

fi . 

ft?  . 

0.  ~~ 

—  k; 

4  A  ?  ♦ 

0. 

9A. 

II . 

ft. 

4ftft. 

n . 

to*. 

It 

P  9 

440. 

p . 

U<9 

ft . 

0. 

4?5. 

p . 

123. 

0  . 

ft. 

4  fl  P  , 

p . 

123. 

0. 

ft. 

37*. 

fi. 

131. 

0.  “ 

W7~ 

3ftfl  . 

ft . 

131  . 

0. 

5. 

3?  7  • 

o . 

123. 

p. 

ft. 

294  . 

p  4 

123. 

n , 

p . 

26?, 

r»l 

114. 

ft! 

ft. 

??9. 

n . 

106. 

0. 

ft. 

?1?. 

n . 

9A. 

"ur  ' 

— FT — 

1  HA  . 

ft , 

90. 

0. 

A  . 

17?. 

0. 

•  ?. 

0. 

A. 

147. 

ft. 

74  . 

A  9 

ft. 

123 

ft . 

64. 

n . 

ft. 

114. 

ft . 

57. 

o . 

A  . 

9A  . 

"  p . 

4«. 

ft . 

ft  9 

A?. 

p . 

49. 

0  . 

ft. 

ft?. 

n . 

41. 

n , 

•  . 

64. 

p . 

33. 

c . 

ft. 

47, 

« ^ 

33. 

0  . 

A. 

57. 

ft  > 

25. 

0. 

A  , 

41  . 

p  . 

*5. 

BT 

“■ft. 

4  1  .' 

ft . 

24. 

0. 

0. 

33. 

o . 

1*. 

ft. 

P  9 

24. 

p. 

ift. 

0  . 

P  . 

?4. 

p . 

I*. 

0. 

P  9 

2  4. 

a  . 

A  . 

0. 

P  9 

A  . 

r . 

ft. 

1. 

P  . 

A  . 

0. 

•>. 

0. 

P  . 

A  , 

0. 

A . 

0. 

ft. 

ft  9 

0. 

A. 

0. 

ft  , 

ft  . 

A . 

A. 

0. 

P. 

A  . 

0* 

1a. 

- 

_ I*.... 

_  A  • 

A. 

ft. 

0. 

P. 

A  , 

P . 

A  . 

A. 

P. 

P  9 

A  . 

A. 

ft . 

0. 

fl  9 

0. 

0. 

ft  9 

0. 

0. 

A  . 

0. 

P  9 

ft. 

fl . 

ft.*. 

ft- - 

_ _ Oa. 

A. 

A. 

A. 

ft. 

fl . 

1. 

0. 

ft. 

0. 

ft. 

A  . 

A. 

0. 

p. 

fl  9 

A. 

4  f 

ft. 

0. 

P  , 

_ 11*. 

_ li _ 

1 1*4,- 

uA-15 


Table  ZZ 


NUMBER  07  DEATHS  WITH  NO  MEDICAL  RESOURCES 
BT  DISEASE  AND  BT  5-DAY  PERIOD 


LOC'.Tt  )►'  Of  »tT»c<* 

- pS  JHJ  »TT*C<-- 

Hut*  l“>«  «ffM  »TT»C<” 
»  )-  3'!  T S  „•  IF  4  *TT«C<- 


MfM  OOlF.HS 
lupjnofl 
i nconnn 
HI  7  0  00 


1 1  N  0 


U4t 

in  rmoo 

ft!  JH 

U1<F 

IU»' 

<•> 

4 1  • 

*>S. 

!*'• 

0  . 

4.1 

i*. 

N2  • 

017. 

0  • 

49 

•>0 

00, 

1  11 

AV~ 

14*. 

0- 
6  , 

*■> 
od 
+  1 
TO 

•u 

*»•> 
Ml 
)-> 
1  HI 
!*’•> 
n‘» 
i  ’  ■» 

i 

i  *■» 
i 

\  *f- 

t  "*  r 

I  AA 

I  *" 

l*”1 
1  *" 
1  '*> 
\  Hi 
1-^ 
t  HI 
1 

/  ^  ’ 

✓  '*> 


✓ 

/ 

.  *  J 

.O" 

110 
i>  > 

» < 
o  «■» 

’*0 

< >* 
»** 
•»AS 

TfUk 


t 

166 . 
sa;. 
^io . 
■•i  <. 

ln  *•> . 

rn* 

i«.»  *. 
I  4  ,«  J  , 

1**3. 
1  1^'. 
12H. 

*V!  , 
4*  »  , 

0>®. 
4  SS. 
<  . 
,» y  i . 
m» » . 


«l. 

3 

?  *. 

I •• . 

t*  • 


2U4 

?*o: 

1*0. 

4  74  . 

6*9-- 

H  \  4  . 

IV'3» 
14  <4. 
1*63  • 

^IN, 

3'H  7. 
3*1  *  • 
«sll- 
*>3>n . 
«>n,A . 

A’  1?  , 

/I*.'.’ 

7  <70. 

/  V»6. 
uO*o  7  . 
A4**0  . 

-»«M  . 

>1*V. 

44  ?P  . 

A 

'?'n. 
A**  3“  • 

V'AA  . 
l^A. 

0  7  . 
A**  , 
<o. 
*<1  . 

4  4  1. 
1'1  . 
<774. 

7  >4  . 

1  *•'. 

I  4  *  • 
114, 
*  A  , 

7  4. 
.7, 


4  «  . 


4tU) 

?632? 

1716 

*Jl< 


1MM. 


0 . 
f. 

A  . 

r . 

A  . 

4  . 

IUM1. 


l'* 

33 

A 


uu» 


0, 

a! 

\6* 

16. 


33* 
33* 
41  • 
«!• 
41  . 
41. 
33. 
33  • 
/0. 
20  • 
1  6 , 
16. 
1A. 
4. 
4  . 
4. 
4. 
A. 
A. 
A  , 
A. 
P. 
0. 
0. 
A  . 
3. 
A  , 
A  . 
A  . 
A  . 


HUM** 

!*n 

A. 

A  . 

- U~- 

20. 
41 
•  *! 
74. 

1  AA  , 

o'. 
?!*• 
2**. 
304. 
44*  . 
621  . 
*44. 

00A. 

040  . 
•l*. 

Mfl 
*0?. 
646. 
0j9. 
441  . 
301. 
?6*  . 
221. 
1*2. 

1  l«, 

in*. 

*2. 

60. 

4*. 

41  . 
3-V 
7*. 

1*. 

I*. 

4  . 


A  , 
6. 
P.4 
0. 
0. 
A. 
I. 

ft . 
A  . 
6  . 
6, 

6. 
I. 
•  . 


C. 


6. 

0. 

4. 

I. 


us. 


U*» 


*CA* 

_6MQ0 

Tf1T*L 

1. 

0. 

0. 

0. 

262- 

0. 

0. 

0. 

6N0. 

1*^ _ 

0. 

a .  _ 

2*1 . 

1**. 

g . 

*. 

?*90Q. 

11 

1*. 

♦  . 

_  0^ 

469*1. 

41  . 

20. 

0. 

9] 

2096?. 

0*. 

13. 

». 

0. 

•210. 

64. 

41. 

(. 

10- 

3447  . 

&2. 

^9.  - 

.  f- _ 

- u^- 

.2222. 

•4. 

60. 

0. 

Jft. 

2104. 

jPa. 

•2- 

1*- 

10. 

2*7A  . 

t  Aa  . 

96. 

16. 

10. 

31«1  • 

9*. 

123. 

lf  • 

XO. 

4044  . 

•  A  . 

147. 

1*. 

JO. 

4*67  . 

47. 

1  0  A  , 

_  1*. 

0446. 

*4. 

221. 

1*. 

6242. 

47. 

^*0. 

I4*  • 

20. 

*4?4  . 

4  0  . 

'2*. 

16. 

20- 

**31  . 

41  . 

39?. 

*. 

2^ 

0304. 

3' 

406 

6  t 

?•> . 

002A  . 

26. 

?31  . 

Iv 

9005  ■ 

613. 

6  . 

?’• 

Wj«4  . 

O  . 

606  . 

N  . 

J'. 

•  •Aft  . 

O. 

*60. 

0. 

0S?1  • 

A  _ 

*1*. 

0. 

J' 

>3*A<5 

n  . 

•66. 

0. 

7?|4. 

4  . 

*?9, 

0. _ 

JV.  _ 

6404. 

4  . 

90*. 

0. 

J». 

4604 

• 

6ft 

A  # 

JJ. 

4^64. 

4  ’ 

o*4. 

0! 

11. 

4>*«  . 

A 

64?. 

0. 

3*. 

3446  . 

6  . 

*63. 

A. 

33. 

3144. 

fl  . 

*3V  , 

0, _ 

_ Jlj. 

2606. 

4  . 

6  70. 

'  0. 

31. 

2  ^0  ft  . 

•1  , 

*21. 

0. 

3'. 

16?«. 

4  . 

406. 

0. 

3'. 

1426. 

•1  . 

466. 

0. 

33. 

1344. 

4  . 

499. 

0. 

33. 

116«  . 

ff. 

\t*e 

*.  - 

L!. 

67’. 

3 

101. 

0. 

33. 

614  . 

,» 

HI. 

0. 

33. 

*11- 

4  . 

*71. 

I. 

37. 

4*7  . 

4  . 

>3*. 

0. 

3 1 . 

4A7. 

,4  . 

?04. 

0. 

37. 

4J4. 

4  , 

VI*  • 

U- 

4 

111, 

1. 

ir 

*A». 

A  , 

1  36. 

0. 

3«. 

26». 

4  . 

W3. 

A . 

33. 

224. 

4  . 

106. 

i. 

33 

144- 

•  . 

74  . 

• 

|3 

16A. 

A  . 

*4  . 

0. 

2' . 

1  34. 

ft.  . 

64  . 

0. 

2'. 

12'. 

6  . 

0*. 

0. 

1*. 

106. 

A 

46. 

0  . 

20. 

44  . 

t. 

41  . 

A  . 

2  0. 

•  * 

A  _ 

4|. 

1. 

20. 

74. 

n. 

3*w 

L- 

-  11 

64 

A 

20. 

r 

20. 

4  y . 

A 

29. 

6  . 

1* 

^  * . 

A 

20. 

0. 

»». 

41  • 

A 

1*. 

0. 

»» 

11. 

0 

16. 

f. 

t». 

7  4  . 

2. 

36. 

- 

_  _1». 

>1. 

4 . 

• . 

0. 

2* 

A 

• , 

0. 

1*. 

2*  - 

A  . 

■ . 

6. 

, 

•  , 

4  . 

0, 

l*. 

?* 

UN 

i 

a 

lit. 

14M 

UN)). 

4-17 


IV.  SUMMARY  AND  CONCLUSIONS 


A.  Summary 

The  Total  Emergency  Health  Care  System  Model  was  used  to  examine  the  postattack 
health  posture  of  New  Orleans,  Louisiana  following  a  surface  burst  of  a  1 . 5  MT  thermo¬ 
nuclear  weapon  at  a  point  approximately  9  miles  south  of  the  city's  center.  The  Model 

simulates  a  one-year  postattack  period  employing  an  Immediate  Effects  Submodel 
(operating  to  60  days  postattack)  and  a  Disease  and  Chronic  Conditions  Submodel 

(operating  out  to  one  year).  Casualties  from  direct  weapons  effects  serve  as  Input  to 

the  Immediate  Effects  Submodel;  surviving  injured  and  the  uninjured  population  are 
input  to  the  Disease  Submodel  and  analyzed  as  to  their  ability  to  survive  nine  communi¬ 
cable  diseases  under  one  year  postattack  conditions. 

Latest  Dikewood  casualty  curves  for  this  weapon  were  applied  to  each  Zip  Code 
area  to  obtain  the  number  and  type  of  expected  injuries.  Medical  supply  data  were 
furnished  by  the  Public  Health  Service,  numbers  of  physicians  were  supplied  by  OCD, 
and  fallout  casualties  were  obtained  from  a  READY  run.  Surviving  medical  supplies 
were  estimated  to  be  proport ionate  to  the  surviving  physicians. 

Approximately  187,000  or  39  percent  of  the  1,002,000  preattack  inhabitants  of 
New  Orleans  were  injured  bv  the  weapon,  either  through  fallout  and/or  direct  effects--- 
and  185,000  or  97.8  percent  of  these  injuries  were  fatal.  Most  of  these  fatalities 
(173,000  or  91.3  percent  of  direct  effects  fatalities)  were  -uo  directly  or  indirectly 
to  the  effects  of  fallout  radiation. 

Included  among  these  survivors  were  5,43b  medical  personnel;  i.e.,  1,101 
physicians  and  4,115  allied  medical  personnel;  surviving  physicians  proved  to  be 
inadequate  during  both  the  lmeeuiate  Effects  and  the  one  year  Communicable  Diseases 
and  Chronic  Conditions  postattack  periods. 

Of  the  817,000  people  who  survived  the  immediate  etiects  time  period,  approxi¬ 
mately  Ji,i65  or  1.83  percent  died  from  infectious  diseases  during  the  ensuing  year. 

It  was  found  that  New  Orleans  bad  an  adequate  overall  supply  of  the  various 
medical  treatment  packages  required  for  treating  casualties  during  the  immediate 
effects  period  although  shortages  of  some  types  ft  packages  <  especially*  th>se  needed 
tor  severe  burns')  were  noted  in  several  o!  the  .’4  Zip  Cede  areas.  However,  as  shown 
in  table  aXl,  three  of  the  lour  drug  supplies  required  for  the  one  year  post  'tack 
communicable  Disease  and  Chronic  Conditions  .Submodel  p«i  iod  cere  inadequate.  Tha.se 
shortages  were  contributing  factors  to  the  high  number  of  fatalities  <11,-85) 
attributed  to  infectious  diseases. 


Table  XXI 


DRUGS  REQUIRED  AND  AVAILABLE  FOR  COMMUNICABLE  DISEASE  PHASE 
(New  Orleans  Case  Study) 


Required 

Available 
(On  Hand) 

Intravenous  Infusion  (Units) 

290,104 

57,000 

Penicillin  (Millions  of  Units) 

895,806 

281,000 

Sulfa  (Grams) 

1,114,160 

1,268,000 

Broad-Spectrum  Antibiotics  (Grams) 
(Ampicillin  Equivalent) 

1,430,804 

971,000 

In  order  to  provide  more  insight  into  the  results  of  this  study,  upper  and 
lower  bounds  of  fatalities  were  estimated  by  applying  death  probabilities  based  on 
the  availability  of  unlimited  medical  resources  (lower  bound)  and  no  medical  resources 
(upper  bound).  The  results  of  these  computation  are  presented  in  Table  XXII  and 
in  Fig.  12. 


Table  XXII 

INJURIES  AND  FATALITIES  FOR  THREE  LEVELS  OF  MEDICAL  SUPPLIES 


(New 

Orleans  Case 

Study) 

Deaths 

Injur ies 

Cause  of  Death 

Unlimited 

Medical 

Resources 

Estimated 

Available 

Resources 

No 

Medical 

Resources 

Instantaneous  Direct  Effects 

2,000 

2.000 

2,000 

- 

Immediate  Effects  (60  Days) 

a)  Fallout  Only 

167,000 

167,000 

167,000 

282,000 

b)  Injuries  (No  Fallout) 

9,  <.00 

10,000 

12,550 

91,500 

c )  Injuries  (Complicated 
by  Fallout) 

5,600 

6,000 

t  .-50 

13,500 

Communicable  Disease 

(J0-J65  Days) 

i\494 

31 ,-eS 

284,835 

- 

Total 

199, -.94 

216,-85 

472.835 

387,000 

Percent  Deaths  of  1,002,000 
Preattack  Population 

201 

221 

47i 

fatalities  (in  thousands) 


It  is  important  to  note  that  although  medical  resources  have  relatively  little 
effect  on  reducing  fatalities  during  the  60  day  Immediate  Effects  period,  they 
do  have  a  profound  effect  on  the  number  of  fatalities  that  occur  during  the  ensuing 
year . 

B .  Conclusions 

After  taking  into  consideration  "hose  limitations  imposed  by  data,  assumptions, 
and  parameters,  the  results  of  this  study  suggest  the  following  conclusions. 

1)  Improvement  in  the  emergency  capabilities  of  New  Orleans  pertinent  to  the 
60-day  Immediate  Effects  Postattack  Period  would  result  in  a  small  reduction 
of  fatalities  (185,000  to  184,000).  This  is  due  primarily  to  the  fact  that 
fallout  radiation  was  a  predominant  factor  in  the  number  of  fatal  and  non- 
fatal  injuries  suffered  during  this  period.  A  slight  shortage  of  physicians 
was  also  indicated  buC  an  adequate  number  of  medical  treatment  packages  and 
surviving  allied  medical  personnel  served  to  minimize  this  discrepancy. 

2)  A  shortage  of  required  drugs  was  evident  during  the  cne-year  Communicable 
Disease  and  Chronic  Conditions  phase.  Since  projected  upper  and  lower 
fatality  limits  for  this  period  indicate  that  preventable  deaths  are  highly 
dependent  upon  these  supplies,  preattack  medical  supply  planning  and 
stockpiling  of  required  drugs  are  suggested--especially  with  respect  to 
Intravenous  Infusion  and  penicillin. 

3)  A  lack  of  available  physicians,  though  apoarent  throughout  the  entire 
postattack  period,  was  especially  criti  'uring  the  epidemics  that 
occurred  around  the  55th  and  150th  days  of  the  Communicable  Disease  and 
Chronic  Conditions  time  period. 
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Glossary  of  Terms  and  Symbols  for  the  Total  Hi  a  1th 
Care  System  Mode  1 

The  purpose  of  this  glossary  is  to  introduce  a 
precise  definition  for  those  terms  and  symbols  used 
to  describe  the  Total  Health  Care  System  Model.  These 
definitions  are  ->rovided  separately  for  the  two  sub¬ 
models  ot  this  Total  Model;  i.e.,  The  Immediate  Effects 
Submodel  and  the  Disease  and  Chronic  Conditio;.  Sub¬ 
mode  1 . 
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Appendix  A 


Glossary  of  Terms  and  Symbols  for  tne  Total  Health 
Care  System  Model 


I.  GLOSSARY  OF  TERMS  FOR  THE  IMMEDIATE  EFFECTS  SUBMODEL 


Allied  Medical  Personnel.  A  team  consisting  of  a  combination  of  two  or  more  personnel 
trained  as  nurses,  pharmacists,  veterinarians  or  dentists. 

Casualty .  Designation  restricted  here  to  injured  persons  who  reach  the  emergency 
treatment  center  alive. 

Casualty  Spectrum  (injury  Spectrum).  The  list  of  injury  types  and  the  number  of 
casualties  reported  for  each. 

Downgrading .  Assigning  a  batch  of  casualties  to  be  treated  by  personnel  at  the  next 
iower  level  of  treatment.  For  example,  under  some  conditions  casualties  with  injuries 
for  which  the  preferred  level  is  the  physician  level  may  be  treated  by  allied  medical 
personnel,  or  injuries  that  should  be  treated  by  surgical  teams  might  be  treated  by 
physicians. 

Emergency  Treatment  Center.  A  station  established  in  each  subdivision  (grid)  of  an 
attack  area  not  having  a  central  hospital.  All  casualties  in  each  of  these  subdivisions 
are  collected  at  the  Emergency  Treatment  Center  for  triage  and  either  treated  in  the 
Center  or  transferred  to  the  central  hospital.  The  hospital  3I30  serves  as  an 
tmergency  Treatment  Center  for  the  subdivision  in  which  it  is  located. 

First  Phase.  See  Initial  Treatment  Phase. 

Follow-  in  Treatment.  The  medical  attention  given  during  the  time  period  after  the 
initial  treatment  time  period  to  casualties  who  have  or  have  not  received  initial 
treatment  in  the  Initial  Treatment  Phase.  For  the  purposes  of  allocating  resources, 
physicians  are  assumed  to  work  one-half  time  or  12  hours  per  day. 

Golden  Period  The  period  immediately  iollowing  the  attack  in  which  delay  in  treatment 
does  not  cause  the  probability  of  death  to  rise. 

urid.  One  of  the  subdivisions  of  the  community,  each  of  which  contains  ene  Emergency 
Treatment  Center. 

tiosplta  t .  The  central  hospital  of  a  given  district.  It  a  .tv  represent  a  composite 
of  several  hospitals  treated  as  a  unit.  The  hospital  serves  as  the  Emergency  Treat¬ 
ment  center  for  the  subdivision  in  which  it  is  located.  The  hosptlal  is  the  only 
place  which  provides  treatment  by  skilled  surgical  teams. 

Immediate  Effec_t_s.  Damage  and  injure  inflicted  hv  the  blast,  thermal  radiation,  and 
gamma  radiation  of  the  weapon  at  the  moment  of  detonation  and  imssediatrlv  thereafter. 

immediate  Effects  Recovery  Phase.  The  second  part  of  the  Immediate  Effects  Suba.'dcl, 
this  phase  Involves  (a)  follow-on  treatment  for  those  surviving  casualties  who  received 
initial  treatment,  and  lb)  treatment  of  additional  casualties  brought  in  after  the 
initial  treatment  phase. 


Initial  Treatment  Phase.  The  first  phase  ot  the  Immediate  Effects  Submodel,  this 
phase  is  concerened  with  the  triage  and  lntital  treatment  of  victims  of  the  immediate 
effects  of  the  weapon.  (Physicians  work  24  hours  a  day.) 

Injury  Caseload.  Number  of  casualties  with  a  particular  injury. 

Medical  Resources.  Medical  resources  consist  of  treatment  personnel  and  medical 
supplies.  Treatment  personnel  are  further  classified  in  the  model  as  physicians 
(all  physicians,  including  osteopaths,  regardless  of  specialty)  or  as  allied  medical 
personnel;  I.e.,  professionals,  excepting  physicians,  associated  with  the  medical 
field.  for  example,  dentists,  veterinarians,  nurses,  and  x-ray  technicians  would  be 
considered  as  allied  medical  personnel.  Medical  supplies  are  those  expendable  items 
used  in  treating  injuries;  i.e.,  drugs,  dressings,  splints,  fluids,  etc. 

Medical  Supply  Package.  (Also  referred  to  as  "Medical  Treatment  Package").  A  kit 
designed  to  provide  ail  medical  supplies  necessary  to  treat  one  casualty  suffering 
from  a  particular  injury.  There  may  be  as  many  kinds  of  packages  as  there  are  in¬ 
juries,  or  they  may  be  designed  so  that  one  type  of  package  Is  appropriate  to  more 
than  one  type  of  injury.  Sixteen  medical  treatment  packages  required  for  classes 
of  injuries  have  beer,  derived  based  on  the  MEND-r'  recommendations. 

Physician.  A  team  consisting  of  a  physician  and  one  or  more  assistants. 

Preferred  Treatment  Level.  Refers  to  the  level  of  treatment  associated  with  each 
injury.  Casualties  will  he  given  treatment  at  this  level  except  when  personnel 
are  unavailable  or  when  a  batter  prognosis  will  result  from  earlier  treatment  by 
personnel  at  the  next  lower  level. 

Priority  for  Treatment.  The  priority  assigned  to  the  several  injury  categories 
determines  the  order  in  which  the  batches  of  casualties  will  be  attended  to.  The 
highest  priority  is  "1"  and  the  lowest  is  "9”.  Since  priority  is  independent  of 
level  of  treatment,  injuries  within  each  are  taken  in  order  sequentially  according 
to  the  code  numbers  of  the  injuries. 

Surgical  ream.  A  team  consisting  of  at  least  (a)  one  surgeon,  (b)  one  anesthetist, 
ana  two  nurses  (or  equivalent). 

Sure ivo_rs .  Consists  ot  surviving  uninjured  and  casualties  processed  ‘v  either  an 
Emergency  Treatment  Center  or  hospital. 

Ite.Ument  facilities.  Treatment  facilities  are  of  two  types;  i.e.,  hospital  and 
. mergence  treatment  facilities.  The  hospital  facilities  include  operating  r > >a>.» , 
specialised  personnel ,  and  medical  supplies.  General  and  spec ir- ' : zed  hospitals .and 
the  2iK)-bed  Packaged  disaster  li.’spita'  s  correspond  to  this  iat  ;  i  it-  definition.*" 
imelgemv  treatment  iacllitie  may  be  locate!  at  a  stocked  ta  .  i  o-.it  shelter,  a 
physician’s  office,  a  medical  arts  building,  or  a  drug  store. 


!  Mass  Civilian  Casualties  in  a  National  Kr,*rg-m  y trauma 
Itha,  a,  N.Y.:  Cornel  l  i'n  i  ver-s  i  t  V  Medical  college,  19&W. 

"Austere  Medical  care  tor  o  l  sastor  .  "  Washington,  ii.C.:  f  ,  S. .  public  health 
Service, 


"The  Treatment  o 
Kesear.n  Group. 


Treatment  Level.  The  level  of  treatment  corresponds  to  the  category  of  personnel 
administering  it.  The  four  treatment  levels  considered  in  the  Initial  Treatment 
Phase  are  given  as  follows: 

a)  No  Treatment  (level  1):  No  medical  personnel  are  assigned  at  this  level 
although  simple  custodial  and  supervisory  care  should  be  available  to 
keep  patients  in  this  treatment  level  (those  whose  prognosis  is  poor)  as 
comfortable  as  possible  and  to  allow  them  to  attend  basic  body  needs. 

b)  Surgical  Team  (level  2):  A  team  consisting  of  at  least  (1)  one  surgeon, 

(1)  one  anesthetist,  and  (3)  two  nurses  (or  equivalent). 

c)  Physician  (level  3):  A  physician  and  an  assistant  or  assistants. 

d)  Allied  Medical  Personnel  (level  A):  A  team  of  two  or  more  nurses, 
pharmacists,  veterinarians,  or  personnel  trained  in  self-help. 

Treatment  Personnel.  Treatment  personnel  are  defined  under  "Medical  Resources  ' 
above. 

Triage.  The  sorting  of  incoming  casualties  into  groups  according  to  treatment  level. 
Each  injury  in  this  model  has  assigned  to  it  a  preferred  level  of  treatment,  but  in 
the  process  of  triage,  the  actual  level  of  treatment  may  be  changed  according  to 
rules  governing  different  circumstances. 
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II.  GLOSSARY  OF  TERMS  AND  SYMBOLS  FOR  THE  DISEASE  AND  CHRONIC  CONDITIONS  SUBMODEL 


Symbol  or 
Unit  of  Study 

A 

a 


aD 


B 


Contact 


D 


d 


e 


V 


Definition 


Crude  attack,  rate,  expressed  as  number  of  individuals 
per  unit  of  time. 

The  proportion  of  Infected  individuals  that  will 
become  infective. 

This  product  is  the  average  number  of  days  of  infec- 
tivity  of  an  infected  host  (’’the  index  of  lack  of 
nonspecified  host  resistance"  or,  less  accurately, 

"the  nonspecific  susceptibility). 

Secondary  attack  ratio,  expressed  as  the  proportion 
of  the  community  members  that  is  secondarily  attacked. 

An  adequate  contact  is  the  exchange  of  breath  and/or 
respiratory  tract  secretions  between  two  individuals 
that  is  long  and  intensive  enough  to  transmit  the 
disease  if  one  of  the  two  individuals  involved  is 
susceptible  and  the  other  infective. 

Average  duration  (expressed  in  time  units)  of  in fee - 
tivity  in  a  host  who  has  become  infective.  (Also 
used  in  subscripts,  see  t). 

This  symbol,  placed  before  a  quantity,  indicates  the 
amount  of  change  in  this  quantity  during  a  very  short 
time. 

Base  of  the  Naperian  (natural)  logarithm  with  the 
constant  value  2.71828... 

The  number  of  infective  individuals  ir.  the  community. 

The  number  of  infective  individuals  in  the  community 
at  time  t. 

The  prevalence  of  infectives  in  the  cocmunity,  expressed 
as  a  proportion. 

The  rate  (number  of  persons  per  unit  of  time)  at  which 
a  coranunity  member  establishes  contact  with  the  other 
susceptible,  infective,  or  immune  members.  This  rate 
is  named  contact  rate. 

The  rate  (number  of  individual';  per  time  unit)  at 
which  a  community  member  establishes  contacts 
with  the  other  susceptible,  infective,  or  immune 
members  of  his  household. 
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Definition 


Unit  of  Study 

V 

M 


N 


n 


The  rate  (number  of  individuals  per  time  unit)  at 
which  a  community  member  establishes  contacts  with 
other  susceptible,  infective,  or  inmune  members  out¬ 
side  of  his  household. 

The  number  of  births  per  time  unit  in  the  conmunity. 

Birth  rate  of  the  conmunity,  expressed  as  a  proportion 
per  unit  of  time. 

The  total  number  of  individuals  (members)  in  the 
community . 

The  number  of  individuals  in  a  household. 


o 


Pr(XY/Z) 

p 


p' 


p" 


q  «  i  -  p 


q'  -  1  -  p’ 


q"  -  i  -  p" 


s 


s 


t 


The  subscript  o  indicates  the  "equilibrial"  or 
"homeostatic"  value  towards  which  the  mean  value  of 
a  time  series  of  the  relevant  characteristic  moves, 
if  this  mean  is  taken  over  a  sufficiently  long  time. 

In  stochastic  models  where  there  is  a  stationary 
process,  the  equivalent  is  the  "expected  value." 

The  probability  of  the  intersection  of  events  X  and 
Y,  given  event  Z. 

The  probability  of  at  least  one  contact  between  any 
two  specified  individuals  in  the  community  during 
one  unit  of  time. 

The  probability  of  at  least  one  contact  between  any 
two  specified  individuals  in  the  same  household 
within  the  community  during  one  unit  of  time. 

The  probability  of  at  least  one  contact  between  any 
two  specified  individuals  belonging  to  different 
households  within  the  conmunity  during  one  unit  of 
time. 

The  probability  of  no  contact  between  any  two  speci¬ 
fied  individuals  in  the  community  during  one  time 
unit . 

The  probability  of  no  contact  between  any  two  speci¬ 
fied  individuals,  belonging  to  the  same  household, 
during  one  unit  of  time. 

The  probability  of  no  contact  between  any  two  speci¬ 
fied  individuals  belonging  to  different  households 
within  the  conmunity,  during  one  unit  of  time. 

The  number  of  susceptible  individuals  in  the  community. 

The  number  of  susceptible  individuals  in  the  community 
at  time  t. 
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Definition 


Symbol  or 
Unit  of  Study 


t 


Unit  of  Time 


Z 


Z 


t 


The  prevalence  of  ausceptibles  in  the  community 
expressed  as  a  proportion. 

The  subscript  L  refers  to  the  point  in  time  to  which 
the  relevant  subscripted  characteristic  is  applicable 
(see  for  instance  St  below). 

Unless  otherwise  specified,  the  time  unit  is  the  time 
interval  between  infection  and  beginning  of  infec- 
tlvity  ("the  incubation  period"). 

The  number  of  immune  individuals  in  the  community. 


i 

i 


The  number  of  inmune  individuals  in  the  community  at 
time  t. 


Appendix  B 

Injury  Prognoses  and  Treatment  Times  in  Disaster  Medicine 

This  appendix  describes  the  data  elements  representing 
the  prognoses  and  treatment  parameters  for  each  injury 
class.  These  data  form  part  of  the  input  for  the  Inmediate 
Effects  Submodel. 
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Injury  Prognoses  and  Treatment  Times  in  Disaster  Medicine 


I.  INTRODUCTION 

Emergency  health  preparedness  includes  such  programs  as  the  stock¬ 
piling  of  essential  medical  items,  the  development  and  deployment  of 
federally  subsidized  Packaged  Disaster  Hospitals,  and  the  training  of 
professionals  and  nonprofessionals  in  emergency  medical  care.  Because 
of  the  number  and  complexity  of  variables  associated  with  emergency  health 
preparedness,  it  was  necessary  to  use  a  simulation  modeling  approach  to 
study  the  immediate  and  late  effects  of  a  disaster.  In  the  time  sense 
used  here,  "immediate"  implies  roughly  from  time  zero  to  two  weeks  and 
is  primarily  concerned  with  injured  casualties  and  their  care.  Late 
effects  are  associated  with  the  time  period  from  two  weeks  to  about  one 
year  and  include  problems  associated  with  acute  and  chronic  diseases. 


II.  PURPOSE  OF  THIS  APPENDIX 


A  necessary  input  to  the  Immediate  effects  Simulation  Model  is  a 
description  of  t  .e  injuries  suffered  by  surviving  casualties,  along  with 
the  probable  fate  of  each  injury  category  when  afforded  a  specified  treat¬ 
ment  after  a  specified  delay.  This  Appendix  (B)  outlines  the  data 
which  were  derived  for  each  injury  in  order  to  simulate  emergency  medical 
care. 

Associated  with  each  injury  is  a  prognosis  as  a  function  of  time 
delay  in  treatment,  which  takes  the  general  form  shown  in  Figure  B-l. 

The  time  from  injury  to  a  time,  T^  is  a  period  during  which  delay  in 
treatment  will  not  affect  the  prognosis.  After  T.,  further  delays  in 
treatment  are  accompanied  by  a  linear  increase  in  probability  of  death. 

At  some  time,  T^ ,  the  prognosis  has  deteriorated  to  Pnt,  the  prognosis 
associated  with  no  treatment. 

Sine?  little  quantative  data  are  available,  the  prognosis  data  used  was 
obtained  from  a  local  medical  consultant,  Dr.  Warner  Wells.  Since  the  simu¬ 
lation  can  accept  data  from  other  sources  as  well,  it  is  expected  that  the 
effect  of  different  notions  about  disaster  prognoses  may  be  tested  in  future 
studies.  The  relative  magnitude  of  differences  between  upper  and  lower 
bounds  on  fatalities  for  a  given  caseload  are  directly  related  to  the  differ 
ences  between  prognoses  under  ideal  or  no  treatment  conditions. 
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Fig.  B-l.  Form  of  the  Injury  Prognosis  Curve 
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III.  DESCRIPTION  OF  DATA  ELEMENTS 


A .  Nature  of  Injury 

Little  data  are  available  that  relates  specific  injuries  to  thermonuclear  weapon 
parameters;  consequently,  the  injury  spectrum  used  in  this  study  is  largely  a  reflec¬ 
tion  of  plausible  reasoning  and  judgment.  Of  chief  importance  in  the  inirial  selection 
01  the  injury  spectrum  was  an  earlier  study  of  Wells  and  Cromartie— ^  in  which  an 
illness  and  injury  spectrum  of  a  model  community  was  examined  in  terms  of  survival 
with  varying  degrees  of  medical  austerity. 

In  this  baseline  study,  four  categories  of  injury  severity  (ranging  from  severe 
to  minor)  were  used  to  classify  injuries  juxtaposed  with  differing  levels  of  medical 
care.  The  current  study  includes  injuries  from  only  the  two  most  serious  categories, 
i  .e.  , 

(a)  Category  I  -  injuries  which  could  not  be  adequately  treated  except  in  a 
hospital;  and 

(b)  Category  II  -  injuries  which  could  be  treated  by  physicians  and  assistants 
with  drugs,  dressings  and  other  equipment  outside  a  hospital. 

A' so  of  considerable  importance  in  defining  the  injury  spectrum  were  early 
historical  findings,  the  atomic  bombings  of  Japan,  the  Texas  City,  Texas  disaster, 
and  the  experience  gained  by  Dr.  Wells  while  in  residence  at  Hiroshima,  Japan  during 
the  Atomic  Bomb  Casualty  Commission  Studies.  The  injuries  used  as  input  to  the  model 
are  categorized  in  the  manner  described  above,  i.c.,  the  most  severe  injuries  will  be 
i ound  in  Category  i  and  those  of  a  lesser  severity  in  Category  II.  Ip  addition,  the 
injuries  may  be  further  divided  into  7  major  classifications: 

1.  Mechanical 

2.  Burn 

J.  Pure  Radiation 

4.  Mechanical-burn  injury  combination 

5.  Mechanical  injury  and  specified  radiation  dose 
b.  Burn  injury  and  specified  radiation  dose 

7.  Mechanical -burn  injury  ccmhinat i on  with  specified  rad.atior  dose. 


J7  Wells,  W.  L.  and  W.  J.  Cromartie.  Shelter  Medical  Support  System  Study.  Research 
Triangle  Park,  S.  C.:  Research  Triangle  Institute,  iu<ci 


Specific  injury  titles  follow  the  nomenclature  used  in  the  International  Classi- 

2/ 

tication  of  Diseases,  Adapted—  (ICDA).  The  mechanical-  irn  injury  combinations  are 
not  as  specific  and  do  not  follow  the  ICDA  nomenclature.  It  was  decided  to  consider 
combination  injuries  oniy  in  broad  terms  of  severity;  i.e.,  severe  mechanical-severe 
burn,  severe  mechanical-moderate  burn,  moderate  mechanical-severe  Durn,  and  moderate 
mechanical-moderate  burn.  The  severe  burn  or  mechanical  injury  component  of  a 
combination  injury  denotes  a  severity  such  as  that  found  in  Category  I  injuries 
(described  above).  A  moderate  burn  or  mechanical  injury  component  of  a  combination 
injury  is  indicative  of  -he  severity  of  injuries  found  in  Category  II  injuries. 

B .  Prognoses  Data 

The  probability  of  death,  or  prognosis,  for  each  injury  has  been  estimated  by 
Dr.  Wells  using  available  clinical  data  and  judgment.  The  ICDA  nomenclature 
(mentioned  above)  has  figured  heavily  in  these  estimates.  As  used  in  ICDA,  each 
injury  title  in  the  sample  may  actually  be  indicative  of  several  types  of  specific 
lesions  which  might  occur  to  the  anatomical  region,  organ,  or  skeletal  structure 
mentioned.  For  instance,  "skull  fracture"  as  used  in  the  sample  includes  fractures 
to  the  vault  of  the  skull  and  the  base  of  the  skull.  Fractures  of  long  bones,  such 
as  the  femur  or  tibia  as  used  in  the  sample,  are  indicative  of  Doth  closed  and  open 
fractures.  internal  injuries  to  the  organs  within  the  chest  and  abdomen  are  also 
nonspecific.  That  is,  an  injury  to  the  gastrointestinal  tract  is  representative  of 
damage  to  the  stomach,  duodenum,  intestine,  colon,  etc.,  which  may  have  resulted  from 
severe  contusions,  hematoma,  or  tearing.  In  each  case,  the  prognosis  tor  the  injury 
stated  in  the  table  is  indicative  of  the  average  progno-is  for  all  injuries  within 
that  ICDA  grouping.  The  relative  severity  of  the  injuries  is  reflected  by  their 
placement  within  one  of  the  two  categories  discussed  above.  Obviously,  these  prog¬ 
noses  data  are  not  precise.  They  are,  however,  reasonable  and  plausible  first 
approximations  to  ms.»s  disaster  injury  prognoses. 

Historical  findings  were  also  important  in  the  development  of  the  prognosis  dats. 
In  order  to  provide  baseline  estimates  oi  injury  prognoses  under  austere  conditions, 
it  was  necosaary  to  examine  in  somr  detail  historical  data  associated  with  physical 
injury,  voundings,  and  impairments. 


2/  international  Classification  of  in  -.ran  <,  Adapted.  I'.  S.  Department  >f  Health, 
Education  and  Welfare.  Washington,  p  iuhlic  Health  Serve*,  l^n,? 
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Data  are  also  presented  on  each  injury  as  further  complicated  by  LD^g  and  U>2 5 
doses  ot  whole  body  radiation.  Data  on  LD,_  doses  were  provided  by  Dr.  Wells.  For 

jU 

a  specified  injury,  LDj-  data  are  linear  interpolations  between  the  LD^g  data  and  the 
data  considering  no  radiation  dose.  Injuries  complicated  by  radiation  doses  above 
LD^q  were  not  considered  because  of  the  very  high  probability  of  death. 

The  various  prognoses  have  been  determined  for  three  levels  of  treatment  and  as 
a  function  of  time  delay  to  treatment.  These  take  the  form  shown  in  Figure  B-2.  The 
various  treatment  options  and  the  preferred  level  of  treatment  are  discussed  in  detail 
in  Sections  III,  C  and  D  of  this  Appendix. 

Each  injury  prognosis  at  a  specified  treatment  level  includes  the  following 
fav  tors : 

1.  P  (Probability  of  Death  at  T<  T.  )  -  an  estimate  of  the  probability  that 

m  —  im 

a  casualty  chosen  at  random  from  all  of  the  same  type  will  die  it  given 
early  specified  treatment.  The  probability  of  death  (P  )  has  also  been 
estimated,  assuming  the  injury  receives  no  formal  treatment. 

2.  T.  (Effective  Treatment  Time)  -  a  period  of  time  during  which  there  is 

Lm 

essentially  no  change  in  probability  of  mortality  because  of  delay  in 

treatment.  T  is  necessarily  the  same-  for  all  levels  of  treatment, 
im 

3.  T  (Ineffectual  Treatment  Time)  -  the  time  after  which  the  probability 

max 

of  death  with  a  specified  treatment  is  equai  to  the  probability  of  death 

with  no  formal  treatment.  .-'or  a  given  injury,  T  has  been  arbitrarily 

J  max 

set  to  be  numerically  equal  to  twice  T.  for  all  levels  of  treatment.  The 

im 

relative  importance  of  this  approximate  rule  has  been  determined.  Test  runs 

with  varying  values  of  T  indicate  that  it  is  a  critical  parameter  in 

max 

assessing  injury  survivors  (see  Chapter  21.  It  is  recognized  that  no  ratio 

would  be  equally  applicable  to  all  injuries;  it  is  to  be  emphasized  that  the 

T  data  currently  employed  represents  a  ,  *>««>»  oraisc  wiiuh  has  allowed  model 
max 

development  work  to  continue. 

C .  Treatment  Level 


Associated  with  each  injury  are  several  treatment  levels,  of  which  one  is 
"pie  tr  rrerf"  t  Jr  f  i  tied  sut>  sequent  1  y  )  .  These  treatment  levels,  which  Were  described  by 
Pi.  Wells  m  an  earlier  study,  include; 

1 .  So  Formal  Treatment  Level 

czsualtles  with  injuries  classified  a»  "1”  are  either  beyond  help  or  so 

slight'*:,  injured  that  treatment  i  *  not  i  *  for  «ttt  viva)  . 


2 .  Surgical  Team  Level 

Treatment  at  this  level  is  of  the  highest  quality.  It  consists  of  facilities 
and  staff  corresponding  to  those  of  a  fully-equipped  hospital,  including  operating 
rooms,  surgical  teams,  and  supplies.  This  level  also  includes  the  200-bed 
Packaged  Disaster  Hospitals. 

3.  Physician  Level 

Treatment  at  this  level  is  administered  by,  or  under  the  direction  of,  a 

physician  at  a  hospital  or  an  emergency  treatment  center.  Physicians,  other 

V  4/ 

personnel  (allied  medical—  and  medical  self-help—  ),  and  specified  medical 
supplies  and  equipment  are  located  at  such  treatment  centers.  The  location  of 
centets  was  determined  by  the  locations  of  medical  supplies,  i.e.,  at  fallout 
shelters,  physicians'  offices,  nursing  homes,  drug  stores,  etc. 

4.  Allied  Med ~cal  Personnel 

This  level  is  reserved  for  treatment  which  can  be  administered  by  allied 
medical  personnel  or  those  trained  in  "medical  self-help"  utilizing  austere 
supp  ’es  such  as  those  stocked  in  public  fallout  shelters.  This  treatment  can 
take  place  in  a  hospital  as  well  as  in  an  emergency  medical  treatment  center. 

This  level  represents  the  lowest  quality  of  formal  treatment  available. 

D.  Preferred  Level  of  Treatment 

As  indicated  above,  one  of  the  treatment  level  options  is  preferred  over  the 
others.  This  preferred  level  i.  -he  lowest  level  of  care  which  can  be  administered 
for  a  specified  injury  without  significantly  jeopardizing  survival.  Because  radi¬ 
ation  injury  cannot  be  readily  diagnosed  in  its  very  early  stages,  the  preferred 
levels  are  chosen  for  the  rionirradiated  injuries  and  then  assigned  to  the  LD^q  and 
cases  also. 


3/  The  Public  Health  Service  has  defined  categories  of  allied  health  personnel  to 
include  such  professions  as  dentistry,  nursing,  veterinary  medicine,  etc.  For 
detailed  information  consult:  "Austere  Medical  Care  for  Disaster",  p.  iii, 
Washington,  D.  C.:  U.  S.  Public  Health  Service,  1964. 

4/  Medical  self-help  courses  are  designed  to  teach  the  public  the  rudiments  of 

emergency  medical  care  in  the  absence  of  more  skilled  personnel.  "Family  Guide 
Emergency  Health  Care,"  U.  S.  Department  of  Health,  Education,  and  Welfare. 
Washington,  D.  C.:  U.  S.  Public  Health  Service,  1965. 
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The  preferred  level  of  treatment  for  a  specified  injury  was  empirically  derived 
on  the  basis  of  differences  between  the  probabilities  of  death  at  various  levels  of 
treatment.  It  appeared  obvious  that  if  relatively  insignificant  differences  existed 
between  the  probabilities  of  death  at  the  surgical  level  of  treatment  and  a  lower 
level,  then  the  lower  level  of  treatment  would  be  preferred.  Presumably  this  would 
prevent  the  flooding  of  the  more  sophisticated  care  levels  with  cases  not  necessarily 
worthy  of  their  attention.  Thus,  certain  empirical  rules  were  established  which 
convey  this  attitude.  These  rules,  in  their  order  of  application,  are  as  follows: 

1.  If  the  difference  in  the  initial  probabilities  of  death  (P^  in  Figure  B-2) 
between  the  (a)  surgical  team  and  no  formal  treatment  levels  is  <_.2G  and 
(b)  allied  medical  teams  and  no  formal  treatment  levels  is  f_.  10,  the 
preferred  treatment  level  is  that  of  no  formal  treatment.  If  both  of  these 
conditions  are  not  met,  the  preferred  level  of  treatment  is  one  of  the 
highest  levels. 

2.  If  the  difference  in  the  initial  probabilities  of  death  between  the 

(a)  surgical  team  and  no  formal  treatment  levels  is  <.20  and  (b)  allied 
medical  teams  and  no  formal  treatment  levels  is  ^.10,  the  allied  medical 
team  level  is  preferred.  The  allied  medical  team  level  Is  also  preferred 
if  the  differences  in  initial  probabilities  of  death  between  the  surgical 
team  level  and  the  allied  medical  personnel  level  is  <^15.  If  this 
difference  is  >.<15,  the  preferred  level  of  treatment  is  some  higher  level. 

3.  If  the  difference  in  the  initial  probabilities  of  death  between  the  surgical 
team  level  and  the  physician  level  is  <.10,  the  physician  level  is  the  pre¬ 
ferred  level  of  treatment.  If  the  difference  is  >.10,  the  preferred  level 
is  the  surgical  team  level. 

Other  methods  might  be  employed  to  determine  the  preferred  level  of  treatment. 

One  straightforward  way  would  be  stipulation  by  some  medical  authority.  Ultimately, 
however,  alternative  determinations  of  preferred  levels  of  treatment  should  be  the 
object  of  sensitivity  analysis. 

In  the  immediate  effects  simulation  model,  the  level  of  treatment  for  a  given 
injury  may  be  different  from  the  preferred  level  based  on  various  decision  rules 
which  come  into  play  when  critical  resources  are  depleted.  These  decision  rules 
are  described  in  Chapter  2,  III.  C  2. 

E  .  Priority  of  Treatment 

Associated  with  each  injury  is  a  specified  priority  for  treatment  based  upon 
the  principles  of  triage.  Triage  is  a  classif  ication  scheme  to  ef  tecUvely  utilize 
limited  medicaL  resources  in  treatment  of  mass  casualties.  There  are  a  number  of 
methods  wheieby  priorities  for  treatment  among  various  injuries  can  be  determined. 

Any  method  for  assigning  priorities  for  treatment  must  take  into  account  the  utiliza¬ 
tion  of  scarce  resources  (personnel  and  supplies)  and  the  anticipated  return  from 
their  utilization. 
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The  method  used  in  this  study  is  as  follows:  Once  a  preferred  level  of  treat¬ 
ment  has  been  determined  for  a  given  injury,  the  increase  in  probability  of  death 

if  the  injury  were  to  receive  the  next  lower  level  of  care  (P.  preferred  -  P, 

J  m  in 

lower  level)  is  determined.  Injuries  which  incur  a  large  increase  in  probability 
of  death  as  a  result  of  downgraded  care  should  be  given  high  priority  at  the  pre¬ 
ferred  level.  If  the  preferred  level  is  "No  Formal  Treatment"  level,  the  lowest 
priority  is  assigned. 

If  personnel  treatment  time  requirements  (T^)  are  low  for  an  injuiy  category, 
this  category  should  have  a  high  priority. 

A  third  factor  considered  is  the  period  oi  time  (T^  )  during  which  there  is  no 

change  in  probability  of  mortality  due  to  treatment  delay.  Injured  who  have  short 

T^m  values  should  be  among  the  first  treated.  Thus,  a  high-priority  patient  can  be 

thought  of  as  one  having  minimal  T,  's  and  T’s  and  a  maximum  AP „  as  the  result  of 

im  T  l 

downgrading  to  the  next  lower  level  of  treatment.  These  factors  have  been  arranged 
to  provide  a  numerical  basis  for  priority  determination  as  follows: 

1.  Obtain  a  Treatment  Priority  Index: 

Treatment  Priority  *  - - ““ - 

Aim  LT 

2.  Rank  all  injuries  in  decending  order  on  the  basis  of  the 
priority  index;  i.e.,  highest  treatment  priority  index 
first,  next  highest  second,  etc.  All  injuries  with  a 
preferred  level  of  "no  treatment"  are  assigned  a  priority 
index  of  0. 

3.  The  ranked  list  of  injuries  with  nonzero  treatment  priority 
indexes  are  divided  uniformly  into  eight  groups.  The  first 
eighth  of  this  ranked  list  assigned  a  treatment  priority  of 
1,  the  second  eighth  a  treatment  priority  of  2,  etc.  All 
injuries  with  a  priority  index  of  0  are  assigned  to  a 
treatment  priority  9. 

It  should  be  noted  that  supplies  required  for  treatment  should  also  be  considered 
in  determining  priorities,  but  a  more  sophisticated  level  of  priority  determination 
was  not  possible  within  the  time  frame  of  model  development.  However,  other  methods 
of  determining  priorities  can  also  be  used  in  terms  of  types  and  amounts  of  supplies 
required  for  treatment  and  treatment  time. 

The  treatment  priority  for  an  injured  person  is  based  only  on  the  injury  since 
the  influence  of  radiation  exposure  Is  not  accurately  known.  The  treatment  priority 
so  calculated  is  then  used  for  the  LD^q  and  the  cases  as  well. 
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F.  Treatment  Time 

Associated  with  the  treatment  of  each  injury  at  a  specified  level  is  the  time 
required  for  treatment.  This  time  is  riot  the  total  man-hours  required.  For  instance, 
at  the  surgical  team  level  a  treatment  time  of  three  hours  represents  three  hours  of 
physician  time  and  three  hours  each  for  the  other  members  of  a  four-man  surgical 
team.  The  same  is  true  for  the  physician  who  is  assisted  by  one  allied  medical 
person  (or  someone  trained  in  medical  self-help)  and  for  the  two-man  teams  of  allied 
medical  personnel  or  persons  trained  in  medical  self-help.  Treatment  times  and  prog¬ 
noses  associated  with  each  treatment  level  were  estimated  by  Dr,  Wells. 
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IV.  INJURY  DESCRIPTION  AND  PROGNOSIS  DATA 


A.  Introductory  Comments 

The  following  table  contains  a  listing  of  the  representative  injuries  used  in 
the  simulation  model.  An  associated  prognosis,  treatment  priority,  preferred  treat¬ 
ment  level  are  given  for  each  injury.  Treatment  times  are  given  for  the  three  levels 
of  formal  treatment. 

As  indicated  previously,  the  Category  I  injuries  are  those  whose  changes  of 
survival  are  relatively  poor  unless  afforded  sophisticated  care.  For  instance,  such 
injuries  as  a  pelvic  fracture  may  be  open  and  may  involve  the  ilium,  ischium,  pubic 
bone,  or  acetabulum.  The  fracture  may  have  been  caused  by  a  missile  or  a  crushing 
blow  and  may  be  further  complicated  by  infection.  The  femur  fracture  as  used  here 
is  generally  considered  to  be  compound  and  possibly  complicated  by  infection.  The 
brain  contusion  is  indicative  of  an  open  intracranial  wound  with  the  possible  compli¬ 
cation  of  infection.  Injuries  to  such  internal  organs  as  the  spleen,  kidney,  G.  I. 
tract,  and  pelvic  organs  are  indicative  of  that  which  might  result  from  a  foreign 
body  with  the  associated  problem  of  infection.  Severe  contusion,  hematoma,  or 
tearing  are  also  considered  present  in  the  injuries  to  the  abdomen  and  thorax. 

The  probable  outcome  of  the  Category  II  injuries  is  relatively  simple  to  estimate 
except  perhaps  for  the  fracture  of  the  tibia/fibula  and  ankle.  These  fractures  are 

considered  open  and  complicated  by  infection. 

Since  the  various  injury  categories  often  reflect  several  aspects  of  one 

injury,  their  ICDA  Code  numbers  (International  Classification  of  Diseases,  Adapted) 
are  not  mutually  exclusive.  For  instance,  a  skull  fracture  (800)  may  be  accompanied 
by  fracture  of  face  bones  (802)  and  by  concussion  (852) . 

In  many  instances,  downgrading  of  the  treatment  level  was  judged  not  to  increase 
the  probability  of  death  (P  )  even  if  the  downgraded  time  of  treatment  (T^)  became 
shorter.  Such  a  downgrading,  however,  may  cause  permanent  disability  that  is  not 
reflected  in  the  table. 

B .  Table  of  Injuries  and  Prognoses  Data 

(See  pages  B-ll  -  B-20. 
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PROBABILITY  OF  DEATH  AND  TREATMENT  TIME,  BY  INJURY  (WITH  SPECIFIED  PREFERRED 
TREATMENT  LEVEL,  TREATMENT  PRIORITY  AND  "GOLDEN  PERIOD"),  BY  TREATMENT  LEVEL,  AND  BY  TREATMENT  CATEGORY 
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Table  B-I  (Con’t) 

PROBABILITY  OF  DEATH  AND  TREATMENT  TIME,  BY  INJURY  (WITH  SPECIFIED  PREFERRED 
TREATMENT  LEVEL,  TREATMENT  PRIORITY  AND  "GOLDEN  PERIOD"),  BY  TREATMENT  LEVEL,  AND  BY  TREATMENT  CATEGORY 
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Table  B-l  (Con't) 

PROBABILITY  OF  DEATH  AND  TREATMENT  TIME,  BY  INJURY  (WITH  SPECIFIED  PREFERRED 
TREATMENT  LEVEL,  TREATMENT  PRIORITY  AND  "GOLDEN  PERIOD"),  BY  TREATMENT  LEVEL,  AND  BY  TREATMENT  CATEGORY 
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Appendix  C 

Total  Emergency  Health  Care  System  Model  Flow  Charts 

This  appendix  contains  flow  charts  of  the  basic 
logic  underlying  the  overall  flow  of  the  Total  Emer¬ 
gency  Health  Care  System  Model  (Figure  C.-l),  the 
basic  flow  of  the  Immediate  Effects  Submodel  (Figure 
C-2),  the  expanded  flow  of  the  Immediate  Effects  Sub¬ 
model  (Figure  C-3),  and  the  basic  flow  of  the  Disease 
and  Chronic  Conditions  Submodel  (Figure  C-4). 
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Fig.  C-3.  Expanded  Flow  of  the  Immediate  Effects  Submodel  Logit 


4 


£ 


NO 

TREATMENT  f  18  th«  «pecifled 

level  of  treatment  of  this 
In  Jury 


PHYSICIAN  OR 

ALLIED  MEDICAL  PERSONNEL 


SURGICAL  TEAM 


C. 

Vj 


Is  this  the  hospital  or 

Tr***tment  Center 
in  the  hospital? 


NO 


Accumulate  this  batch  of  casualties 
in  the  hospital  transfer  counter 
for  this  injury. 


CaT c u late  the  probable  number  of 
deaths  based  the  probability 
of  death  with  no  treatment  speci¬ 
fied  for  thie  i"»urv 


Accumulate  the  number  of  deaths 
m  counters  for  the  Emergency 
Treatment  Center  and  for  the 
Grand  Totals 


Determine  the  number  ot  casualties 
for  which  medical  treatment  packages 
are  available  and  the  number  for 
which  medical  treatment  packages 
are  lacking 


C 


Are  these  casualties  ^  YE? 
alreadv  m  the  hospital' 


> 


NO 


Accumulate  he  number  of  casualties 
lacking  medit  al  treatment  packages 
in  the  hospital  transfer  counter 
for  this  injury. 


(Is  transfer  to  *.he 

hospital  indicated  for  A 
casualties  lacking  medical J 
treatment  packages? 


NO 


1  Accumulate 

li’l  output 

the 

number  j 

of  casualties  lacking 

medical 

t  realment 

packages  and 

not 

t  ran  s - 

ter red  to 

the  hospital 

Are  there  casualties  for 
which  there  are  medical  treat 
ment  packages? 


YE  S 


(.continued)  Expanded  Flow  of  the  Immediate  Effects  Submodel  Logic 
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Fig.  C-3.  (continued)  Expanded  Flow  of  the  Immediate  Effects  Submodel  Logic 


Fig.  C-4.  Overall  Flow  of  the  Disease  and  Chronic  Conditions  Submodel 
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Total  Emergency  Health  Care  System  Model 
Data  Inputs  and  Outputs 

This  appendix  presents  in  complete 
detail  the  description  and  definitions  of 
all  data  elements  used  in  the  design  of  the 
Total  Emergency  Health  Care  System  Model. 
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Total  Emergency  Health  Care  System  Model 
Data  Inputs  and  Outputs 


INTRODUCTION 


The  purpose  of  this  appendix  is  to  present  in  complete  detail  the  descriptions 
and  definitions  of  all  data  elements  used  in  the  design  of  the  Total  Emergency 
Health  Care  System  Model.  An  attempt  is  made  to  relate  the  data  elements  to  their 
precise  uses  in  the  model  logic.  The  appendix  is  divided  into  four  subsections: 

II.  Card  Inputs  to  the  Inroediate  Effects  Submodel 

III.  Card  Inputs  to  the  Disease  and  Chronic  Conditions  Submodel 

IV.  Outputs  from  the  Inmediate  Effects  Submodel 

V.  Outputs  from  the  Disease  and  Chronic  Conditions  Submodel 
The  descriptions  of  the  card  inputs  for  each  of  the  phases  include  the  names, 
definitions,  external  formats,  and  maximum  values  for  all  data  set  elements.  The 
descriptions  of  the  outputs  include  all  of  the  format  and  indexing  options  antici- 


pa ted,  aud,  when 

appropriate,  sample 

print -outs  illustrating  the  options. 

The  Master 

Control  Card  contains 

information  common  to  both  submodels 

of  the 

Total  Health  Care  System  Model. 

Parameter 

Card  Columns 

Definition 

NCC 

1-6 

Card  Code  =  100000 

INPTIM 

7-9 

IXiration  in  hours  for  Phase  1  of 
Inmediate  Effects  Submodel 

the 

INITIM 

12-14 

Duration  in  days  for  Phase  2  of 
Immediate  Effects  Submodel 

the 

ITtfTIM 

17-19 

Duration  in  weeks  of  Disease  and 
Conditions  Phase 

Chronic 
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II.  CARD  INPUTS  TO  THE  IMMEDIATE  EFFECTS  SUBMODEL 


This  subsection  contains  descriptions  of  all  input  data  sets  which  can  be 
input  to  the  Immediate  Effects  Submodel.  All  the  data  sets  are  required  for  the 
operation  of  the  model,  and  the  values  must  appear  on  the  punched  cards  as  speci¬ 
fied.  Included  in  the  description  of  each  input  data  set  are: 

1)  The  data  set  name. 

2)  The  submodel  using  the  data  set. 

3)  A  general  description--one  or  two  sentences  describing  the  data  set  and 
the  information  that  it  contains. 

4)  The  name  of  each  data  set  element--six  or  less  alphanumeric  characters 
used  to  designate  the  particular  data  set  element. 

5)  The  index,  where  applicable,  indicated  in  parentheses  immediately  follow¬ 
ing  the  data  set  element  name. 

6)  The  definition  of  each  data  set  element. 

7)  The  positions  on  the  punched  card  of  each  data  set  element. 

8)  The  field  specification  (in  Fortran  notation)  of  each  data  set  element 
on  the  punched  card. 

The  remainder  of  this  subsection  is  devoted  to  presenting  the  individual 
input  data  sets. 
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Input  Data  Set  Number  II-l 


Data  Set  Name:  Run  Identification 

Submodel  Using  Data  Set;  Insnediate  Effect-  Submodel 

General  Description:  A  card  containing  data  that  describe  the  particular  computer 
run  which  are  printed  at  the  beginning  of  the  sec  of  tables  for  each  treatment 
center. 

Data  Set  Elements: 


Name 

Definition 

Card  Column 

Format 

NCC 

Card  code.  For  the  Run  Identification  card 
it  is  "110000". 

1-6 

16 

Heading  to  identify  the  computer  run  (e.  g., 
city  name  and  resources  level). 

21-80 

60H 

Input  Data  Set  Number  II -2 


Data  Set  Name:  Treatment  Table 

Submodel  Using  Data  Set:  Insnediste  Effects  Submodel 

General  Description:  A  set  of  cards  containing  treatment  rules,  times,  proba¬ 
bilities,  and  other  necessary  data  for  each  different  injury  functioning  as  a 
table  of  variable  decisions  applicable  through  a  series  of  runs. 

Data  Set  Elements: 


Name 


oe  i.  mi  ti  on 


Card  Column  Format 


NCC 

Card  code.  For  the  Injury  Treatment  Table 
it  is  "1". 

1 

11 

NPRI 

Priority  of  Treatment  ("1"  through  "9"). 

2 

11 

INJRY 

Three-digit  number  designating  the  injury 
("1"  through  "999"). 

3-5 

13 

XTME 

Period  following  which  treatment  no  longer 
decreases  the  probability  of  death  (in  hours). 

7-8 

F2.0 

TIM 

Initial  period  during  which  delay  in  beginning 

9-12 

F4.0 

treatment  does  not  increase  the  probability  of 
death  (in  hours). 


NDRG 

Number  designating  the  medical  treatment 
package  for  the  injury. 

13-14 

12 

KTY 

Quantity  of  medical  treatment  packages  re¬ 
quired  to  treat  one  casualty  with  this 
injury . 

15-16 

12 

NTRMT 

Level  of  personnel  designated  to  treat  the 
injury. 

17 

11 

TIME 

Time  required  for  initial  treatment  of  one 
casualty  (in  hours). 

18-21 

F4.2 

DFLVL 

Increase  in  probability  of  death  due  to 
downgrading. 

22-25 

F3.2 

LDCWNG 

Downgrade  flag:  if  "0",  d  vngrading  is  allowed; 
if  "3",  downgrading  is  not  allowed  (when 
personnel  of  appropriate  level  are  unavailable 
or  when  the  prognosis  would  be  better  with 
earlier  treatment  by  personnel  at  the  next 
lower  level). 

30 

11 

Input  Data  Set  Number  II-2  (Continued) 


Nane 

NFLGI 

PDIT 

FDNT 

HUD 

LASTCD 


Definition 


Card  Column 


Hospital  flag:  if  "0",  treat  without  medical  31 

treatment  package  and  if  "1",  transfer  to  the 
hospital  (when  supply  of  necessary  package 
is  exhausted). 

Probability  of  death  if  treatment  ia  received  35-38 
immediately  after  the  Injury. 

Probability  of  death  if  no  treatment  at  all  is  39-42 
received. 

Increase  probability  of  death  due  tc  trans-  51-54 
portation  to  hospital,  travel  through  fallout, 
etc . 

Last  card  indicator:  the  digit  "9"  Indicates  80 
the  last  card  of  the  Injury  Treatment  Table. 


Format 

II 

F4.2 

F4.2 

F4.2 

'll 


Input  Data  Set  Number  II -3 


Data  Set  Name:  Emergency  Treatment  Center  Resources 
Submodel  Using  Data  Set:  Inmediate  Effects  Submodel 

General  Description:  A  card  read  for  each  treatment  center  in  sequence  giving 
the  assigned  resources  of  personnel  and  medical  treatment  packages. 

Data  Set  Elements. 


Name 

Definition 

Card  Columns 

Format 

NCC 

Card  code.  For  the  Resources  Card  it  is  "2". 

1 

11 

NGRDA 

Identification  number  of  the  emergency  treat¬ 
ment  center  (1  through  998)  or  hospital 
(always  999). 

2-4 

13 

NCD 

Secondary  card  code.  For  the  Resources  Card 
it  is  "00". 

5-6 

12 

NSRGT 

Number  of  surgical  teams  (found  only  in  the 
hospital),  maximum  999. 

7-9 

13 

NPHYS 

Number  of  physicians,  maximum  999. 

10-12 

13 

nalld 

Number  of  allied  medical  personnel,  maximum 
9,999. 

13-16 

14 

NPACK(I)  Number  of  each  type  of  medical  treatment  pack¬ 
age,  maximum  of  each  9,999.  Ihere  may  be  up 
to  16  different  medical  treatment  packages. 

21-24 
etc . 

14 

Input  Data  Set  Number  II-4 

Data  Set  Name:  Emergency  Treatment  Center  Casualty  Report 
Submodel  Using  Data  Sett  Immediate  Effects  Submodel 

General  Deacription:  Cards  read  for  each  treatment  center  immediately  after 
the  Emergency  Treatment  Center  Resources  card  listing  'y  injury  number  the  number 
of  casualties  suffering  from  each  injury.  Up  to  99  Casualty  Report  cards  may  be 
entered  for  each  treatment  center.  Each  Casualty  Report  card  may  contain  figures 
for  a  maximum  of  ten  injury  types,  allowing  a  total  of  990  for  the  treatment 
center.  (Program  dimensions  at  present  allow  for  only  150  injury  types.)  Each 
card  must  be  filled  before  proceeding  to  the  next  one,  since  the  program  ceases 
to  store  data  on  encountering  the  first  blank  in;ury  number.  Injury  numbers  may 
be  entered  in  any  order. 

Data  Set  Elements: 


Name 

Definition 

Card  Columns 

Format 

NCC 

Card  code.  For  the  Casualty  Report  it  is  "2”. 

1 

11 

NCR  DC 

Identification  number  of  the  emergency  treat* 
ment  canter  (1  through  9)  or  hospital 
(always  999). 

2  -4 

13 

NCD 

Secondary  card  code.  For  the  Casusltv  Report 
card  it  is  "01"  through  "99". 

5-6 

12 

INJI(l) 

Injury  number  corresponding  to  one  in  the 

Injury  Treatment  Table. 

10-13  etc. 

14 

NXI(I) 

Number  of  casualties  with  injury  specified 
by  INJI(I). 

7-9  etc. 

13 

III.  CARD  INPUTS  TO  THE  DISEASE  AND  CHRONIC  CONDITION?  SUBMODEL 


This  subsection  contains  descriptions  of  both  input  data  sets  which  can  be 
input  to  the  Immediate  Effects  Submodel;  *•*»  the  control  card  and  the  disease  cable. 
There  dsta  sets  are  required  for  the  operation  of  the  model,  and  the  values  must 
appear  on  the  punched  cards  as  specified.  The  description  of  each  input  data  set 
includes : 

2)  A  general  description— one  or  two  sentences  describing  the  data  set  and 
the  information  that  it  contains. 

3)  The  name  of  each  data  set  element— six  or  less  alphanumeric  characters 
used  to  designate  the  particular  data  set  element. 

4)  The  index,  where  applicable,  indicated  in  parentheses  isiDedlately  follow¬ 
ing  the  data  set  element  name. 

5)  The  definition  of  each  data  set  element. 

6)  The  positions  (card  columns)  on  the  punch  c^rd  of  each  data  3et  element. 

7)  The  field  speci f icatior.  (in  Fortran  notation)  of  each  data  set  element  on 
the  punched  card. 


Input  Data  Set  Number  1 1 1  - 1 


Data  Set  Name:  Control  Card 

Submodel  Using  Data  Set:  Disease  and  Chronic  Conditions  Submodel 

General  Description:  This  card  contains  coefficients  applied  by  the  respective 

parameters  for  each  of  the  diseases  considered. 

Data  Set  Elements:  These  parameters  indicate  changes  in  equilibrium  conditions 
because  of  fallout,  etc. 


Name 

Definition 

Card  Column 

Format 

IP0PB 

Population  of  area  before  attack. 

1-10 

110 

IP0PI 

Population  of  area  immediately  after 
attack. 

11-20 

110 

IP0PA 

Population  of  area  remaining  30  days 
attack,  (used  in  disease  submodel) 

21-30 

no 

IL0C  (1-5) 

Area  name  or  ider.tif leaf !  on  for  disease 
submodel . 

31-50 

5M 

CAL 

Coefficient  of  infective  ratio  such  that 
the  thus  adjusted  infective  ratio  AL'  is: 
AL’  -  1  -  1-AL 

CAL 

where  AL  is  the  original  infective  ratio 
from  the  disease  table. 

51-55 

F5.2 

CAL  increases  with  the  radiation  dose.  It 
can  assume  any  positive  real  value. 

CTB 

Coefficient  of  contact  rate  such  that  the 
adjusted  contact  rate  TB'  is: 

TB'  =  CTB  x  TB; 

where  TB  is  the  original  contact  rate  from 
the  disease  table. 

56-60 

F5.2 

CTB  increases  with  inadequacy  of  hygiene 
and  sanitation  measures  and  decreases  with 
its  adequacy.  It  can  assume  any  positive 
real  value. 

CS  jS 

Coefficient  of  initial  infective  fraction 
such  that  the  thus  adjusted  initial  in¬ 
fective  fraction  SSS'  is: 

SSS*  =  CSS  x  SSS 

where  SSS  is  the  original  susceptible 
fraction  from  the  disease  table. 

61-65 

F5.2 

CSSS  decreases  with  the  efficiency  of 
quarantine.  It  can  assume  any  positive 
real  value  under  1,  including  0.. 
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Input  Data  Set  Number  III-l  (Continued) 


wane  Definition  Card  Column  Format 


CSR  Coefficient  of  initial  susceptible  66-70  F5.2 

fraction  such  that  the  thus  sdjusted 
initial  susceptible  fraction  SR'  is: 

SR'  *  1  -  l -SR  ; 

CSR 

where  SR  is  the  original  susceptible 
fraction  from  the  disease  table. 

CSR  decreases  with  the  adequacy  of  the 
preattack  vaccination  status  and  with 
the  postattack  level  of  antibiotic  pro¬ 
phylaxis.  CSR  can  assume  ar.v  positive 
real  value. 


Input  Data  Set  Number  III-2 


Data  Set  Name:  Disease  Table 

Submodel  Using  Data  Set:  Disease  and  Chronic  Conditions  Submodel 

General  Description:  This  card  contains,  for  each  one  of  the  considered  diseases 
separately,  the  parameters  as  listed  below. 

Data  Set  Elements: 


Name 

Definition 

Card  Column 

Format 

DIN 

Deration  of  infectivity  (in  days) 

1-10 

F10. 5 

TB 

Contact  rate  (per  day) 

11-20 

F10.5 

AL 

Infective  ratio 

21-30 

F10.5 

SS 

Fatality  ratio  (per  new  case) 

31-40 

F10.5 

SR 

Initial  susceptible  fraction 

41-50 

F10.5 

SSS 

Initial  infective  fraction 

51-60 

F10.5 
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IV.  OUTPUTS  FROM  THE  IMMEDIATE  EFFECTS  SUBMODEL 


This  subsection  contains  descriptions  of  the  outputs  from  the  Immediate 
Effects  Submodel.  Included  in  the  description  of  each  display  data  set  are  the 
following: 

1)  The  data  set  name. 

2)  The  submodel(s)  which  generate  the  output  contained  in  the  specified 
output  data  set. 

3)  A  general  description--one  or  two  sentences  describing  the  data  set 

id  the  information  it  contains. 

4)  The  name  of  each  data  set  element--six  or  less  alphanumeric  characters 
used  to  designate  the  particular  data  set  element.  Where  applicable, 
the  appropriate  index  is  designated  in  parentheses  imnediately  following 
the  data  set  element  name. 

5)  The  definition  of  each  data  set  element--a  concise  definition  of  the  data 
set  element  including  its  units. 

6)  A  sample  printout  of  the  data  set. 

The  remainder  of  this  section  is  devoted  to  the  presentation  of  the  output 
data  sets. 
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Output  Data  Set  Number  IV-1 


Data  Set  Name:  Casualty  Treatment  Treble 

Submodel  Using  Data  Set:  Inmediate  Effects  Submodel 

General  Description:  This  table  displays  the  results  of  the  triage  of  casualties 
assigned  to  each  emergency  treatment  center. 

The  number  of  casualties  assigned  to  each  of  the  four  treatment  levels  are 
totaled  by  column  under  the  appropriate  treatment  level  that  appears  at  the  top 
of  the  printout;  i.e.,  No  Treatment,  Surgical  Team,  Physician  Personnel,  and  Allied 
Medical  Personnel.  The  heading  "No  Treatment"  is  used  to  indicate  Treatment  Level 
1;  i.e.,  the  category  of  casualties  due  to  receive  no  treatment  at  all,  either 
because  there  is  little  or  no  prospect  of  recovery  or  because  the  injury  is  so 
slight  as  not  to  require  treatment.  The  last  three  treatment  levels  (excluding 
the  "no  treatments")  appear  as  headings  for  two  columns--one  for  casualties  which 
can  be  downgraded  and  another  for  those  which  cannot. 

Each  row  shows  the  level  of  treatment  that  was  actually  administered.  For 
example,  the  row  total  for  Allied  Medical  Personnel  (row  heading  appears  down  left 
side  of  printout)  indicates  that  32572  casualties  were  treated  by  Allied  Medical 
Personnel--?6860  that  were  assigned  to  be  treated  at  this  level  and  5712  that  were 
assigned  treatment  by  Physician  Personnel  but  were  downgraded  to  the  Allied  Medical 
Personnel  level. 

As  another  example,  the  column  total  under  the  "Physician  Personnel"  heading 
indicates  that  10425  casualties  were  assigned  treatment  at  this  level.  However, 
only  4713  were  actually  treated  by  Physician  Personnel — 5712  were  given  downgraded 
treatment  by  Allied  Medical  Personnel. 

Data  Set  Elements; 


Name  Definition 


NS  (I) 
NP  (1) 

NA  (I) 
NT  (I)* 
NU  (I) 
MT0T  (I) 


Number  of  casualties  treated  by  surgical  teams 

Number  of  casualties  treated  by  physicians 

Number  of  casualties  treated  by  allied  medical  personnel 

Number  of  casualties  transferred  to  the  hospital  for  treatment 

Number  of  casualties  not  treated 

Total  number  of  casualt;  s  processed 


*  Onitted  from  Table  for  the  Hospital  Emergency  Treatment  Center  and  for  casualties 
transferred  from  other  Emergency  Treatment  Centers. 
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NUMBER  OF  CASUALTIES  AT  EACH  ASSIGNED  LEVEL  OF  TREATMENT 
(All  Values  are  in  Tens) 


LlvK 

A?  WHICH 
TREAT HfeNT 

Nfl 
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*O»0tCAL  PmyIICUN 

flOwNtlRlOPO 
ALL  IPO 
HtPlCAL 

TRlATMgNf  liVftL  MAY  NOT  Rfc  UOwVflRApiB 

ALLtfeO 

Sumo  I  cal  physician  hEOICal 

HAS  GIVEN 

treatment 

Team 

RfRIORRn,  AfKjOLLSi 

TIAM 

personnel 

pepionnel 
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Output  Data  Set  Number  IV-2 


Data  Set  Name:  Status  of  Supply  Inventory 

Submodel  Using  Data  Set;  Imnediate  Effects  Submodel 

General  Description:  This  table  displays  t!ie  initial  and  final  inventory  figures 
for  the  quantity  consumed  in  processing  the  casualties  for  each  of  the  sixteen 


medical 

treatment  packages.  The  headings  of 

the 

inventory  table  columns  are  as 

follows: 

BI 

Burn,  non-ambulatory 

LF 

Fracture  of  leg 

A 

Abdominal 

W 

Laceration 

T 

Thoracic 

H 

Head 

P 

Pelvis,  genito-ur inary 

HF 

Fracture  of  hand 

S 

Shock 

FF 

Fracture  of  foot 

M 

Maxillofac ial 

E 

Eye 

AF 

Fracture  of  arm 

V 

Vertebrae 

BA 

Burn,  ambulatory 

Data  Set  Elements: 


Name  Definition 

NPACK  (1,J)  The  initial  inventory,  before  processing  the  casualties 
NPACK  (2.J)  The  final  inventory,  after  processing  the  casualties 

NPACK  (3 , J)  The  amount  used  from  the  inventory  to  process  the  casualties 

Sample  Output  Showing  Format  Specifications: 


STATUS 

OF 

INVENTORY 

OF  EACH  MEDICAL  TREATMENT 

PACKAGE 

(All  V»lu«s 

•re  ?n 

Tens) 
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Output  Data  Set  Number  IV-3 


Data  Set  Name:  Casualty  Deachs  Table 

Submodel  Using  Data  Set:  Immediate  Effects  Submodel 

General  Description:  This  table  displays  the  results  of  processing  the  casualties 
assigned  to  each  Emergency  Treatment  Center.  It  shows  the  number  of  deaths  at 
each  level  of  treatment,  broken  down  by  assigned  treatment  level  and  down¬ 
grading  category,  corresponding  in  form  to  the  table  described  for  Output 
Data  Set  IV -1. 

Data  Set  Elements: 

Name  Definition 

NS ( I  +  ID)  Number  of  deaths  among  casualties  treated  by  surgical  teams 

NP(I  +  10)  Number  of  deaths  among  casualties  treated  by  physicians 

NA(I  +  10)  Number  of  deaths  among  casualties  treated  by  allied  medical  personnel 

NU(I  +  10)  Number  of  deaths  among  untreated  casualties 

MT0T(I  +  10)  Total  number  of  deaths  among  all  casualties 


Sample  Output  Showing  Format  Specifications: 

NUMBER  OF  DEATHS  AT  EACH  ASSIGNED  TREATMENT  LEVEL 
(All  Values  are  in  Tens) 


If  Vtw 
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Output  Data  Set  Number  IV-4 


Data  Set  Name:  Personnel  Utilization  Table 

Submodel  Using  Data  Set:  Inmediate  Effects  Submodel 

General  Description:  This  tabic  gives  the  number  of  personnel  assigned  to  the 
Emergency  Treatment  Center  and  the  total  number  of  hours  these  personnel  spent 
on  duty  to  attend  to  the  load  of  casualties  received  by  the  center  or  hospital. 
Data  Set  Elements; 

Name  Description 

NSRGT  Number  of  surgical  teams  assigned  to  the  hospital 

TSRGT  Number  of  hours  surgical  teams  have  been  on  duty 

NPHYS  Number  of  physicians  assigned  to  the  Emergency  Treatment  Center 

TPHYS  Number  of  hours  physicians  have  been  on  duty 

NALLD  Number  of  allied  medical  personnel  assigned  to  the  Emergency  Treat¬ 

ment  Center 

TALLD  Number  of  hours  allied  medical  personnel  have  been  on  duty 

Sample  Output  Shoving  Format  Specifications: 


number  op 

ASSIGNED 

personnel 

time  clock  status 

AFTER  TREATMENT 

SURGICAL 

TEAM 

48 

30.04 

PHTSlC! AN 
PERSONNEL 

18 

30.03 

ALLIED 

medical 

personnel 

4Q8 

2.34 

total 
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Output  Data  Set  Number  IV-5 


Data  Set  Name:  Casualties  Lacking  Supplies  Table 
Submodel  Using  Data  Set:  Inmediate  Effects  Submodel 

General  Description:  This  table  indicates  the  disposition  of  those  casualties 
for  whom  medical  treatment  packages  were  lacking,  including  whether  or  not  they 
were  transferred  to  the  hospital. 

Data  Set  Elements: 

Name  Description 

K0WM(1,1)  Number  of  casualties  lacking  supplies  at  surgical  team  level 

K8)WM(2 , 1)  Number  of  casualties  lacking  supplies  at  physician  levels 

K«tWM(3,I)  Number  of  casualties  lacking  supplies  at  allied  medical  personnel 

level 

K(DWM(4,I)  Number  of  all  casualties  lacking  supplies 


Sample  Output  Shoving  Format  Specifications: 
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Output  Data  Set  Number  IV -6 


Data  Set  Name :  Casualty  Treatment  Table  -  Grand  Total 
Submodel  Using  Data  Set:  Immediate  Effects  Submodel 

General  Description:  Same  as  Output  Data  Set  IV-1,  except  that  the  data  are 
totals  of  all  Emergency  Treatment  Centers  and  the  hospital. 

Data  Set  Elements: 

Name  Definition 


NS (1+30) 
NP(l+30) 
NA( 1+30) 
NT(I+30) 

Nil  (1+30) 
MT#T( 1+30) 


Total  number  of  casualties  treated  by  surgical  teams 

Total  number  of  casualties  treated  by  physicians 

Total  number  of  casualties  treated  by  allied  medical  personnel 

Total  number  of  casualties  transferred  from  Emergency  Treatment 
Centers  to  hospitals 

Total  number  of  untreated  casualties 

Total  number  of  casualties 


Sample  Output  Showing  Format  Specifications: 
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Output  Data  Set  Number  IV-7 


Data  Set  Name:  Status  of  Supply  Inventory  -  Grand  Total 
Submodel  Using  Data  Set:  Isnediate  Effects  Submodel 

General  Description:  Same  as  Output  Data  Set  IV-2  except  that  the  data  are  totals 
of  all  Emergency  Treatment  Centers  and  the  hospital. 

Data  Set  Elements; 

Name  Definition  _ _ _ 

NPACK(A.J)  The  total  initial  inventory,  before  processing  the  casualties 
NPACK ( 5 , J )  The  total  final  inventory,  after  processing  the  casualties 


NPACK(6 , J) 

The  total 

.  amount  used 

from  the 

inventory  to 

procesa 

the  casualties 

Sample  Output  Showing 

Format 

Specifications: 
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Out  put  Data  Set  Number  IV -8 


Data  Set  Name:  Casualty  Deatns  Table  -  Grand  Total 
Submodel  TTslng  Data  Set:  Immediate  Effects  Submodel 

General  Description:  Same  as  Output  Data  Set  IV-3  except  that  the  data  are 
totals  of  all  Emergency  Treatment  Centers  and  the  hospital. 

Data  Set  Elements : 


Name 


Definition 


NS(I+40)  Total  number  of  deaths  among  casualties  treated  by  surgical  teams 

NP(I-KO)  Total  number  ot  deaths  among  casualties  treated  by  physicians 

NA(I+40)  Total  number  of  deaths  among  casualties  treated  by  allied  medical 

personnel 

NU(I^tO)  Total  number  of  deaths  among  *-ntreated  casualties 


MT«iT(T+40)  Total 

number  of 

deaths  among  all 

casualt ies 

Sample 

Output  Shoving  Format 

Specifications: 
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Output  Data  Set  Numoer  IV -9 


Data  Set  Nam :  Personnel  Utilisation  -  Grand  Total 
Submodels  Using  Data  Set;  Immediate  Effects  Submodel 

General  Description;  This  table  gives  the  total  number  of  personnel  assigned  to 
the  Emergency  Treatment  Centers  and  the  hospital. 

Data  Set  Elements : 


Name 

Definition 

NNSkGT 

Total  number  of  surgical  teams 

assigned  to 

the  hospital 

nnphys 

Total  number  of  physicians  assigned  to  the 
or  hospitals 

Emergency  Treatment  Center 

NNALLD 

Total  number  of  allied  medical 
Treatment  Center  or  hospitals 

personnel  assigned  to  the  Emergency 

Sample  Output  Showing  Format  Specifications: 
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Output  Data  Set  Number  IV-lO 


Data  Set  Name:  Casualties  Lacking  Supplies  -  Grand  Total 
Submodel  Using  Data  Set:  Immediate  Effects  Suomoael 

General  Description:  This  table  indicates  the  disposition  of  those  casualties 

for  whom  medical  treatment  packages  were  lacking;  including  whether  or  not  they 

were  transferred  to  the  hospital. 

Data  Set  Elements: 


Name 


Description 


KtfWM(5,I) 
K0WM(6,I) 
KflJWM(7 , 1) 


W8WM  (  ft ,  I ) 


Total  number  of  casualties  lacking  supplies  at  surgical  team  level 

Total  number  of  casualties  lacking  supplies  at  physician  level 

Total  number  of  casualties  lacking  supplies  a:  allied  medical 

personnel  lev.] 

Grand  total  of  all  casualties  lacking  supplies 


Sample  Output  Showing  Format  Specifications: 


CASUALTIES  without  medical 

SUPPLIES 

TRANSFERRED 
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total 
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0 

1964 
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medical 
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total 

0 
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7176 
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Output  Data  Set  Number  IV-11 

Data  Set  Name:  Table  of  Survivors  Added  -  Grand  Total 
Submodel  Using  Data  Set:  Immediate  Effects  Submodel 

General  Description:  This  table  displays  the  total  number  of  survivors  which 

resulted  from  changes  in  personnel  and  medical  supply  inventories  above  the  number 

found  in  the  base  run.  The  number  added  survivors  will  be  negative  when  the  change 

results  in  fewer  survivors. 

Data  Set  Elements: 


Name 


Description 


NS (1+50) 
NP(I+50) 
NA(l+50) 
NU(I+50) 
MT(jT(I+50) 


Total  number  of  added  survivors  treated  by  surgical  teams 

Total  number  of  added  survivors  treated  by  physicians 

Total  number  of  added  survivors  treated  by  allied  medical  personnel 

Total  number  of  added  survivors  untreated 

Grand  total  of  survivors  added 


Sample  Output  Showing  Format  Specifications: 
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V.  OUTPUTS  FROM  DISEASE  AND  CHRONIC  CONDITIONS  SUBMODEL 


This  subsection  contains  a  description  of  the  tour  outputs  from  the  Disease  and 
Chronic  Conditions  Submodel,  i.e.,  Plot  of  Infectives  and  Required  Physicians,  New 
Infective  Table,  Death  Table,  and  Drug  Requirement  Table.  The  description  of  each 
data  set  are  the  following: 

1)  The  data  set  name. 

2)  A  general  description--one  or  two  sentences  describing  the  data  set  and 
and  the  information  it  contains. 

3)  Tie  name  of  each  data  set  element--six  or  less  alphanumeric  characters  used 
to  designate  the  particular  data  set  element.  Where  applicable,  the  appro¬ 
priate  index  is  designated  in  parentheses  immediately  following  the  data  set 
element  name. 

4)  The  definition  of  each  data  set  element--a  concise  definition  of  the  data 
set  element  including  its  units. 

5)  A  sample  printout  of  the  data  set. 

Output  Data  Set  Number  V-I 

Data  Set  Name:  New  Infective  Table 

Submodel  Using,  Data  Set:  Disease  and  Chronic  Conditions  Submodel 

Ceneral  Description:  A  table  displaying  the  total  number  of  new  infectives  expressed 

as  a  fraction  of  the  total  population,  by  five-day  periods  and  by  disease. 

Data  Set  Elements: 


Name  Definition 

RIP  Fraction  of  population  that  became  infected  during  time  interval  DT. 


Sample  Output  Showing  Format  Specifications: 
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Output  Data  Set  Number  V-2 


Data  Set  Name:  Fatality  Table 

Submodel  Using  Data  Set:  Disease  and  Chronic  Conditions  Submodel 

General  Description:  This  table  displays  the  total  number  of  fatalities  expressed 

as  a  fraction  of  the  initial  population  by  five  day  periods  and  by  disease. 

Data  Set  Elements: 


Name  Definition 


DRD 


Fraction  of  population  that  died  during  time  interval  DT. 


Output  Data  Set  Number  V-3 

Data  Set  Name:  Plot  of  Infectives  and  Required  Physicians 
Submodel  Using  Data  Set:  Disease  and  Chronic  Conditions  Submodel 
General  Description:  This  output  consists  of  a  list  and  graphic  plot  of  the 
total  number  of  infectives  and  the  corresponding  physician  requirement  for 
every  fifth  day  during  the  1  year  postattack  period. 

Data  Set  Elements: 


Name  Definition 


RST0 

TPT 


Total 

Number  of  Physicians  Required 


Output  Data  Set  Number  V-4 


Data  Set  Name:  Drug  Requirements 

Submodel  Using  Data  Set:  Disease  and  Chronic  Conditions  Submodel 
General  Description;  This  table  displays  the  five  day  and  cumulative 
requirements  for  the  1  year  postattack  period. 

Data  Set  Element: 


Name 

Definition 

(5  day  name) 

(total  name) 

DFtU.A 

DRTA 

Intravenous  infusion  required 

DRUB 

DRTB 

Penicillin  units  required 

DRUG 

DRTC 

Broad-spectrum  antibiotics  required 

DRL'D 

DRTD 

Streptomycin  required 

Sample  Output  Showing  Format  Specifications: 
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Appendix  E 

The  Fifteen  Leading  Causes  of  Peach  in  Selected  Countries 

This  appendix  lists  the  fifteen  leading  causes  of 
death  for  two  contemporary  under-developed  countries 
(Nigeria  and  Portugal),  tor  the  U.S.  in  1900,  and  in 
comparison,  for  the  U.S.  in  1964.  These  data  serve  to 
amplify  the  Background  Section  in  Chapter  3,  Disease 
and  Chronic  Conditions  Submodel  and  refers  directly  to 
Figure  6  in  the  main  text. 
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FIFTEEN  LEADING  CAUSES  OF  DEATH  IN  NIGERIA,  196^  AND  PORTUGAL,  1962 
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FIFTEEN  LEADING  CAUSES  OF  DEATH  IN  THE  UNITED  STATES,  1900  and  1964 
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Appendix  F 

Epidemiologic  Features  of  Communicable  Diseases 

This  appendix  discusses  some  salient 
epidemiologic  features  of  consnunicable  diseases. 

It  deals  briefly  with  man-to-man  transmission 
(Section  I),  with  food-  or  water-to-man  transmission 
(Section  II),  and  with  vector  borne  diseases 
(Section  III). 
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Epidemiologic  Features  of  Communicable  Diseases 

I.  MAN-TO-MAN  TRANSMISSION 

A.  Introduction 

Most  of  the  mathematical  modeling  of  disease  has  been  of  those  transmitted  from 
man-to-man.  Given  one  infective  in  the  group,  the  course  of  the  disease  spread 
depends  upon  several  factors,  the  three  most  important  of  which  are: 

1)  Immune  status  of  the  group  members. 

2)  The  likelihood  that  a  susceptible  will  contract  the  disease  if  he  comes 
in  contact  with  an  infective  (called  communicability,  or  infectiousness) . 

3)  Mixing  parameters  which  reflect  the  degree  of  contact  among  susceptibles 
and  infectives. 

B.  Dynamics  of  an  Epidemic 

To  reflect  the  dynamics  of  the  disease,  models  also  include  incubation  periods, 
length  of  the  infectious  period,  etc.  The  size  of  the  group,  its  geographic  disper¬ 
sal,  and  the  frequency  of  infective-susceptible  contacts  all  affect  the  speed  with 
which  the  epidemic  builds  to  its  peak  and  then  dies  out.  In  cities  the  buildup  can 
take  months.  This  fact  has  important  implications  for  disease  countermeasures. 

C.  Statistical  Behavior  of  Epidemics 

A  significant  result  for  our  purposes  is  the  Kermack-McKendrick  Threshold 
Theorem^  (and  its  stochastic  analog)  which  states  that  if  the  "relative  removal 
rate"  of  infectives  exceeds  a  threshold  value,  then  the  epidemic  will  die  out  with 
only  a  few  cases.  If  the  relative  removal  rate  is  too  low,  then  the  disease  will 
sweep  through  nearly  the  whole  population  of  susceptibles.  The  exact  fraction  of 
susceptibles  infected  depends  on  the  particular  conditions  cited  above.  An  example 
of  this  behavior  is  shown  in  Figure  F-l. 

E.  Effect  of  Immunization 

The  second  feature  of  interest  is  the  effect  of  immunization.  If  a  sufficiently 
high  proportion  of  the  exposed  population  is  immune,  an  epidemic  simply  cannot  occur. 


1 /  Bailey,  N.  T.  J.  The  Mathematical  Theory  of  Epidemics.  New  York:  Hafner 
Publishing  Company,  1957. 
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The  percent  of  the  population  which  must  be  immune  depends  on  the  type  of  mixing, 
the  infectiousness  of  the  disease,  the  size  of  the  group,  etc.;  but  in  general  it 
can  be  less  than  100  percent.  A  striking  example  in  the  United  States  is  polio. 


Source:  D.  G.  Kendall.  "Mathematical  Models 
of  the  Spread  of  Infection,"  Mathe¬ 
matics  and  Computer  Science  in  Biology 
and  Medicine,  pp.  213-225. 


Fig.  F-l.  The  Distribution  of  the  Size,  E,  of  a  Stochastic 
Epidemic;  N  -  Population  of  Susceptibles 


II.  FOOD-  OR  WATER-TO-MAN  TRANSMISSION 


For  food-  and  water-borne  diseases,  theory  and  observation  reveal  only  that  the 
epidemic  follows  the  typical  logistic  curve  (Figure  F-2).  This  shape  reflects  a 
distribution  of  times  of  ingestion  as  well  as  a  distribution  of  incubation  periods. 

The  size  of  the  epidemic  will  depend  on  the  exposure  pattern  (the  whole  community's 
water  supply,  or  only  a  few  contaminated  fruits  and  vegetables),  the  concentration 
of  the  organism  (amount  of  it  ingested),  and  the  immunity  status.  If,  in  a  disrupted 
environment,  boiling  or  sterilizing  drinking  water,  washing  raw  fruits  and  vegetables 
with  mild  antiseptics,  and  cooking  food  well  were  strictly  observed,  enteric  infections 
could  be  limited.  Since  this  cannot  be  presumed  to  be  the  case  initially,  we  estimate 
a  rather  severe  threat  from  gastroenteritis  because  the  organisms  are  so  widespread. 
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Fig.  2a.  Distribution  of  Incubation 

Periods  in  Milkborne  Outbreaks 
of  Streptococcal  Sore  Throat 
in  Catskill ,  New  York,  U.  S.  A. 


Source:  Walker,  William.  "The  Aberdeen 
Typhoid  Outbreak  of  1964" 
Scotland  Medical  Journal, 

1965,  pp.  466-79. 


Fig.  2b.  Frequency  of  Typhoid  Cases 

by  Weeks  of  Onset  and  History 
of  Exposure,  Aberdeen, 
Scotland. 


Fig.  2 
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III.  VECTOR  BORNE  DISEASES 


The  mathematical  modeling  of  disease  transmitted  to  man  via  a  vector  host  is 

considerably  more  complex  than  for  the  man-to-man  class.  It  has,  however,  been 

2/ 

successfully  carried  out  for  malaria.  The  field  is  reviewed  by  Serf ling.—  The 

principal  results  of  interest  relate  to  human  and  mosquito  vector  populations  in 
equilibrium  (the  disease  is  endemic)  and  not  to  the  probability  that  an  epidemic 
occurs  when  conditions  are  altered.  Thus,  current  theory  was  of  less  value  for 
this  class,  since  as  is  later  shown,  mosquito  borne  diseases  are  not  important. 


2/  Serfling,  Robert  E.  "Historical  Review  of  Epidemic  Theory,"  Human  Biology. 
A  Record  of  Research  .  Vol.  24,  No.  3,  pp.  145-166. 
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Appendix  G 

Estimated  Postattack  Disease  Parameters,  Countermeasures. 
and  Preventable  Deaths 

This  appendix  contains  a  description  of  the  procedures  used 
to  estimate  provisionary  disease  parameters  (Section  I),  the  effect 
of  countermeasures  (Section  II) ,  and  the  number  of  preventable 
deaths  (Section  III).  These  estimates  provide  the  basis  for  the 
Disease  and  Chronic  Conditions  Submodel. 
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I.  ESTIMATED  POSTATTACK  DISEASE  PARAMETERS 

The  following  definitions  and  tables  are  used  in  deriving  estimates  of  health 

status: 

1.  Postattack  conditions  favoring  disease  spread  conditions  after  a 
nuclear  attack  are  very  austere  and  involve  disruption  of  family, 
food,  supplies,  sewage  treatment,  and  public  health  systems  in  general. 

2.  Community  size  (and  composition)  has  an  effect  on  health  problems. 

A  conmunity  size  of  20,000  was  assumed.  For  exn^ple,  sewage  disposal 
in  a  very  small  community  may  be  of  little  concern  up  to  a  point 
because  natural  controls  of  the  environment  can  be  sufficient.  How¬ 
ever,  the  larger  the  community  the  more  important  bee  wes  human  in¬ 
tervention  in  pollution  control.  Similarly,  the  larger  the  conmunity 
the  more  likely  is  the  appearance  of  one  infective.  On  the  other 
hand,  the  larger  the  conmunity  the  longer  it  takes  the  epidemic  to 
peak  out,  and  the  lower  the  percent  of  population  affected  if  an 
epidemic  occurs. 

3.  The  attack  rate  for  a  communicable  disease  is  the  percentage  infected. 

4.  Countermeasures  considered  are  as  follows: 

a.  Medical  prophylaxis — the  use  of  antibiotics,  antibacterials, 
vaccine,  ganma  globulin  and  antiseptics. 

b.  Vector  control — the  use  of  chemicals,  sanitation,  etc.  to  reduce 
insect  populations,  and  control  of  animals  which  may  be  the 
source  of  Infection. 

c.  Food,  water,  aewage  and  personal  hygiene  measures — control  of 
infectious  agents  through  the  proper  storage,  distribution,  and 
preparation  of  food  and  water.  It  also  includes  perso.tal  hygiene. 
Because  of  the  postatlack  conditions  that  have  been  assumed,  many 
of  the  personal  hygiene  measures  will  be  very  difficult  to  take. 

These  include  avoiding  contact  with  infective*,  exposure  to  the 
elements,  adequate  sleep,  etc.  Quarantine  and  isolation  »*v  be 
difficult  to  enforce. 

d.  Medical  treatment— currently  available  medical  knowledge, 
procedures,  and  treatment  supplies  have  been  assumed. 
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5.  Expected  fatalities  =  (P^  =  Probability  of  initial  infection)  x  (Probability 
of  epidemic  given  P^)  x  (Expected  s^ze  of  epidemic  given  that  it  "takes 
off")  x  (Case  fatality  rate) 

Each  of  the  four  factors  of  course  varies  with  the  health  preparedness  measures. 
For  estimated  values  of  the  first  two  factors,  see  Table  G-l. 

Table  G-I 

PROBABILITIES  ASSOCIATED  VITH  DISEASE  SPREAD 
(POSTATTACK  CONDITIONS  FAVORING  DISEASE  SPREAD  AND  A  COWUNITY  SIZE  20,000) 


Probability  of 

Probability  of 

at  Least  One 

an  Epidemic 

Case  Appearing 

Given  One  Case 

Pneumonia 

0.95 

0.7 

Influenza 

0.95 

0.95 

Typhoid 

0.05 

0.7 

Paratyphoid  B 

0.05 

0.  7 

Dysentery 

0.  3 

0.7 

Cholera 

0.0005 

0.  95 

Hepatitis 

0.7 

0.3 

Plague 

0.3 

0.7 

Smallpox^ 

0.  005 

0.3 

Typhus 

0.  005 

0.7 

Vh coping  Cough 

0.7 

0.7 

Meas les 

0  95 

0.3 

Dipt  her  i.r^ 

0.  7 

0.  7 

Gastroenteritis 

0.95 

0.  7 

2/ 

Scarlet  Fever— 

0.05 

0.  7 

Meningococcal 

Meningitis 

0.05 

0  05 

Assuming  present 

rate  of  vaccination  or  Immuni rat  ion . 

2  t 

-  Include*  severe  streptocccca l  note  throat. 


T“ble  G-IT  shows  the  relative  weight  of  Man-to-Man,  Enteric, 
and  Vector  Borne  modes  of  transmission  for  postattack  diseases.  For 
example,  Typhoid  is  transmitted  in  207.  of  the  cases  by  Man-to-Man 
contact  and  in  807.  of  the  cases  by  Enteric  contact. 


Table  G-II 


THE  RELATIVE  WEIGHT  OF  DIFFERENT  MODES  OF  TRANSMISSION 
OF  THE  MAJOR  POSTATTACK  COMMUNICABLE  DISEASES 
(in  percent) 


Diseases  Man-to-Man  Enteric  Vector  Borne 


Pneianonia  100 

Influenza  100 

Typhoid  20 

Parathyphoid  B  20 

Dysentery  20 

Cholera  30 

Hepatitis  60 

Plague  50 

Smallpox  100 

Typhus  0 

Whooping  Cough  100 

Measles  100 

Dipther.a  90 

Gastroenteritis  10 

Scarlet  Fever  80 

Meningococcal 
Meningitis 


0 

0 

80 

80 

80 

70 

40 

0 

0 

0 

0 

0 

10 

90 

20 


0 

0 

0 

0 

0 

0 

0 

50 

0 

100 

0 

0 

0 

0 

0 


100 


0 


0 


II.  ESTIMATING  EFFECTS  OF  COUNTERMEASURES 
The  variations  in  the  health  system  which  were  examined  as  countermeasures 

are: 

Medical  treatment  (biologicals,  chemotherapy) — affects  the  case 
fatality  rate. 

Medical  prophylaxis  (immunization,  prophylactic  use  of  antibiotics, 
antit  icterials,  antiseptics,  and  gamma  globulin) — affects  the  expected 
size  of  the  epidemic  and  the  probability  of  occurrence  of  an  epidemic. 

Case  fatality  rate  would  also  be  affected  (partially  successful  immuniza¬ 
tion  mitigates  the  severity  of  an  attack)  but  this  was  not  estimated. 

Food  and  water  purity,  sewage  control,  and  personal  hygiene — affects 
probability  of  an  initial  case  and  expected  size  of  epidemics  for 
enteric  infections,  and  the  expected  size  of  an  epidemic  for  man-to-man 
transmission. 

Vector  control  (reduction  of  insect  population) — effects  probability 
of  an  initial  case  of  plague  and  typhus  and  the  expected  size  of  an 
epidemic  should  one  occur. 

The  effects  of  these  health  measures  on  fatalities  were  estimated  singly 
crd  combined.  Since  some  diseases  have  more  than  one  mode  of  transmission, 
computing  the  effect  of  a  countermeasure  specific  to  mode-of-transmission 
(vector  control,  say)  requires  partitioning  the  disease  between  two  categories. 

This  set  of  requirements  was  shown  in  Table  G-1II. 

One  measure  of  the  importance  of  various  communicable  diseases  postattack 
is  the  expected  numbers  of  deaths.  Such  an  estimate  is  shown  in  Figure  G-l  when 
there  are  no  countermeasures.  Similar  figures  can  be  derived  for  combinations 
of  countermeasures.  It  is  interesting  to  note  that  when  these  values  are  plotted 
in  a  cumulative  plot  (deaths  versus  number  of  causes)  the  results  are  consistent 
with  the  hypothesis  that  a  small  number  account  for  a  large  share  of  the  disease 
problems . 

On  the  other  hand,  prevalence  estimates  are  required  to  give  guidance  about 
medical  care  requirements  and  general  health  status. 

The  kind  and  amount  of  staff  and  drugs  designated  to  be  needed  for  obtaining 
minimum  case  fatality  is  listed  by  dise  .se  in  Table  G-IV.  The  multipliers  for 
this  minimum  fatality  rate  in  the  event  that  staff  or  drugs  are  only  half  available, 
or  not  at  all,  are  given  in  Table  G-V. 
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1 


Percent  of 
Total 

Population 


8 

7 

6 

5 

4 

3 

2 

1 

0 


1  14  2  3  4  5  610  15  8  7  91112  16  13 


Diseases 


1  -  Gastroenteritis 

2  -  Plague 

3  -  Dysentery 

4  -  Diphtheria 

5  -  Influenza 

6  -  Typhoid 

7  -  Scarlet  Fever 

8  -  Paratyphoid  B 

9  -  Typhus 

10«  Whooping  Cough 

11-  Hepatitis 

12-  Cholera 

13-  Smallpox 

14-  Pneumonia 

15-  Measles 

16-  Meningococcal  Meningitis 


Fig.  G-l .  Expected  Untreated  Death  Rates  by  Major  Communicable 

Diseases  With  No  Countermeasures 


Table  G-IV 


GUIDELINE  FOR  DESIGNATED  TREATMENT  BY  DISEASE 


Disease 

Kind  and  Daily  Amount 
of  Prof.  Staff* _ 

Kind  and  Dally 

Amount  of  Drugs** 

Pneumonia 

.02? 

.10N 

.02T 

IB 

Influenza 

.02P 

.10N 

„02T 

IB 

Typhoid 

•  02P 

•  ION 

,02T 

(0.5)E 

Paratyphoid  B 

.02? 

.10N 

.02T 

IE 

Dysentery 

.02? 

.10N 

•  02T 

ID 

Cholera 

•  02P 

.10N 

.02T 

1A 

Hepatitis 

.02P 

.10N 

•  01T 

Plague 

.02? 

.10N 

.02T 

2C 

Smallpox 

.02P 

.10N 

(0. 5)B 

Typhus 

.02? 

.10N 

.02T 

1C 

Whooping  Cough 

.02P 

.10N 

.02T 

(0.25)B 

Measles 

.02P 

.10N 

IB 

Diphtheria 

•  02P 

.10N 

.  02T 

IB 

Gastroenteritis 

.02P 

.10N 

.02T 

1A 

Scarlet  fever 

.  02  P 

.ION 

.021 

IB 

Meningococcal  Meningitis 

•  02P 

.ION 

.02T 

(0.05)B 

•k 

P  physician 

j  The 

decimal 

fraction  before  the  letter 

N  nurse  indicates  the  part  of  a  man-day  devoted 

T  laboratory  technician  to  the  care  of  one  patient. 


**  A  Intraveneous  infut ion — 3  pints  of  Saline 
B  Penicillin--]., 000,000  units 
C  Tecracyclin — 1  gram 
D  Sulfa — 1  gram 
E  Ampicillin — 5  gram 

(The  number  before  the  letter  indicates  the 
number  of  Joses  of  the  drug.) 
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Table  G-V 


MULTIPLICATIVE  MORTALITY  FACTORS  FOR  DOWNGRADING 
PROFESSIONAL  STAFF  OR  DRUGS  OVER  ONE  LEVEL  * 


Disease 


1/2  Staff  1/2  Drugs 


Influenza 

Parathyphoid  B 

Dysentery  (Shigellosis) 

Hepatitis  (Infectious) 

Whooping  Cough 

Measles 

Diptheria 

Gas  t  roen tei i t is 

Scarlet  Fever 


1.7 

1.4 

1.8 

1.5 

3.0 

2.0 

1.5 

1.2 

2.0 

1.4 

2.2 

2.2 

2.5 

1.8 

3.0 

1.8 

1.7 

1,4 

These  factors  are  to  be  applied  to  the  individual 
death  rates  of  a  disease  when  full  medical  staff  is  not 
available  or  adequate  drugs  are  not  available.  These 
multipliers  are  applied  once  for  1/2  of  the  required 
supplies  (or  staff)  or  twice  for  no  supplies  (or  staff.) 
For  example.  Dysentery  with  1/2  required  staff  and  no 
drugs  would  be  3.0  x  2.0  x  2.0  *  12.0  times  the  fully 
treated  death  rate. 
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III.  ESTIMATION  OF  PREVENTABLE  DEATHS 


A  more  illuminating  way  to  present  the  results  is  in  terms  of  "Preventable 
Deaths."  This  measure  of  effectiveness,  which  is  the  difference  in  expected 
fatalities  with  and  without  particular  combination  countermeasures,  shows  the 
necessity  of  planning  emergency  medical  programs.  These  results  are  summarized 
in  Table  G-VI. 


EXPECTED  PREVENTABLE  DEATH  RATES  AS  AFFECTED  BY  COUNTERMEASURES 
(%  of  Total  Population) 


With  Counter-  0.4  0.3  0.1  0.8 


Appendix  H 


Methods  of  Estimating  the  Soper-Reed-Frost  Parameters  f^?-:  Literature 
Data  for  the  Disease  and  Chronic  Conditions  Submodel 


This  appendix  lists  the  various  methods  by  which  the  Soper-Reed- 
Frost  parameters  can  be  estimated  for  given  conmunities  and  diseases, 
using  data  available  in  tl.e  literature. 
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Methods  of  Estimating;  the  Soper-Reed-Frost  Parameters  From  Literature  Data 

1 .  INTRODUCTION 

There  are  three  ways  to  assess  the  contac*.  rate  (a); 

1)  By  using  the  model  represented  by  equation  3-2  if  the  values  of  all  other 
characteristics  except  one  are  known  from  observations. 

2)  By  means  of  the  attack  rate  if  certain  conditions  are  met. 

3)  By  means  of  the  average  time  interval  between  successive  epidemic  waves 
in  the  case  of  recurrent  epidemics  in  large  communities  if  some  other 
characteristics  are  known. 

The  with in -household  contact  rates  used  for  this  model  were  determined  by  a  secondary 
attack  ratio  (see  ”2"  above). 

II.  SFFCIFIC  ASSESSMENTS  OF  CONTACT  RATE 

A.  Assessment  by  Means  of  the  Deterministic  Chain-Inf cctlon  Model 

Assuming  influx  of  new  susceptibles,  equation  (2)  in  Chapter  III  permits  the 
calculation  of  the  contact  rate  if  the  ”a,jes  for  all  other  characteristics  except 
one  are  known  from  observations.  These  character iat ics  are:  (s)  prevalence  of 
susceptible  persons,  (i)  prevalence  of  infective  persons,  (m)  birth  rate,  (a)  pro¬ 
port  ion  of  the  Infected  persons  that  becomes  Infective,  and  (D)  average  duration  of 
lnfectivity  in  an  infective  person.  If  the  demographic  performance  of  the  model 
does  not  conform  with  reality,  alternative  models  can  be  used. 

B.  Assessment  by  Means  of  the  Crude  Attack  Rate 

This  method  requires  that  100  percent  of  the  community  is  susceptible  at  the 
beginning  of  an  epidemic  «  This  requirement  is  sometimes  met  in  influenza  .ml 
adenovirus  epidemics,  it  can  be  shown  that  under  such  circumstano's ,  where  -it  the 
same  time  »»1,  the  crude  attack  rate,  when  expressed  as  a  proportion  of  the  lo'.tl 
population  (N),  is  a  measure  of  the  contact  rate.  Kendal i -^worked  with  Soper's 


Kendall,  !>.  0.  "Orterministir  and  Stochastic  Epidemics  in  tinged  Population*," 
Proceedings.  Third  Berkeley  Symposium  on  Mathematical  Statistics  and  Probability. 
Berkeley  and  Los  Angeles,  calif.:  University  of  California.  W1  . 
pp.  lib-lbS. 
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continuous-infection  model  (see  chapter  III) 

A  -  Spl 

where  A  is  the  number  of  individuals  Infected  during  one  unit  of  time.  This  formula 
is  similar  to  4  -  sXi  since  approxisMtely  pN  «  X  when  N  la  large  enough.  The 
latter  equation  is  the  limit  of  equation  (2)  ,  chapter  III. 


when  M  approaches  zero.  For  moot  epidemics  this  is  probably  a  fair  approximation. 

By  means  of  a  mathematical  treatment  of  the  Soper  model,  Kendall  arrivea  at  the 
results  given  in  table  H-L. 


Table  H-I 

RELATIONSHIP  OF  CRUDE  ATTACK  RATE  TO  PRODUCT  OF  CONTACT 
RATE  AND  DURATION  OF  INFECTIVITY  IN  AN  EPIDEMIC  . 
STARTING  WITH  A  POPULATION  OF  100  PERCENT  SUSCEPTIBLE^' 


Proportion  of 

Population  Attacked 

Product  of  Contact  Rate  end 
Duration  of  lnfectivicy&/ 

.00 

1. 00 

.  10 

1.05 

.20 

’  .  12 

.30 

1.  19 

.40 

1.28 

.50 

1.39 

.60 

1.53 

.10 

.72 

.80 

2.01 

90 

2.56 

95 

3.15 

98 

1 . 99 

*■  Source!  Kendall,  D.  G.  "Datamini at ic  and  Stochastic  Epidemics  in  Closed 
Populations fructtdituts.  Third  Berkeley  Svasosium  on  Mathematical 
Statistics  and  Probability.  Baras  lay  and  Laa  Angaiea,  Calif.,  Vol--, 
195t),  pp,  149-165 


b/  D  C  Kendall  used  t  te  tern  "Population  aa  Multiple  of  'Threshold' 

K/.' where  o  is  equivalent  to  l/(t>p)  in  the  presently  used  notation. 
Since  approximately  p  *VN  (see  equation  (2)  in  chapter  III),  replace 
the  whole  ccl.vn  heading  by  NDp  *  NDX/N  -  CV 
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Knew  i  t', 


<i  t  !  • » 


j:;J  the  vai 


:  population 

juration  of  infect  r.  i  tv,  tin-  value  of  tiie  contact  rate  car  bt  calculated. 

Because  this  model  does  net  take  into  account  the  influx  of  new  suseeptibles 

by  birth  and  migration,  this  method  is  applicable  only  to  acute  epidemics  of  short 

duration.  Under  these  circumstances,  the  influx  of  new  suseeptibles  can  be  neglected. 

C.  Assessment  by  Means  of  the  Time  Interval  Between  Peaks  of  Recurrent  Epidemics 

2/ 

Bartlett—  used  the  Soper  model  with  influx  of  new  suseeptibles  (Chapter  III). 

In  a  stochastic  stationary  process,  the  values  for  the  number  of  prevalent  suscep- 

tibles  (S)  and  prevalent  infectives  (I)  have  the  expected  values  E(S)  =  and 

t(I)  =  I  respectively.  By  equating  the  expected  values  of  the  first  derivatives  of 

S  and  I  to  zero,  so  that 
t  t  ’  _ 


r(ds)c  i 

E 

L  at  J  0  and 

dt 

the  following  equations  are  obtained: 


D  "  iT  and  p  =  Tv  •  (H_1) 

o 

These  equations  are  identical  to  the  deterministic  ones  of  the  Soper  model  where  S 
and  1^  are  equilibrium  values. 

Moreover,  Bartlett— ^assumed  an  influx  of  new  infectives  into  the  community 

from  outside  at  the  rate  of  c  persons  per  time  unit  or  of  the  proportion  —  of  the 
£  4  / 

community.  Now  let  —  —  be  small  so  that  the  delay  in  the  growth  of  an  epidemic 
wave  af ter  the  influx  of  an  infective  from  the  outside  can  be  neglected.  (The  delay 
in  growth  should  not  be  confused  with  the  delay  or  waiting  time  since  the  end  of  the 
previous  epidemic  before  an  infective  immigrates  from  the  outside;  the  latter  waiting 
time  gets  longer  as  ^  becomes  smaller.)  Bartlett's  treatment  of  the  equations  relevant 
to  this  situation  implies  that  the  probability  density  of  the  distribution  of  the  delay- 
time  before  the  start  of  a  new  epidemic  wave  is 


r (T-l)T 


-1  -r(T-l) 
e 


Bartlett,  M.  S.  "Measles  Periodicity  and  Community  Size,"  Journal  of  Royal 
Statistical  Society.  Series  A,  Vol .  120,  1957,  pp.  48-60. 

Bartlett,  M.  S.  Stochastic  Processes.  Cambridge  University  Press,  1955. 

Bartlett  (1955)  actually  wrote  e  instead  of  e/N,  but  since  in  his  reasoning 
the  characteristic  seems  to  be  independent  of  the  community  size  N  it  is 
better  represented  by  e/N  if  e  is  proportionate  to  N.  He  made  the  latter 
assumption  in  1957. 
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T  *  in  '•  C  t  , 
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ti.  X  D 


(H-3) 


This  distribution  has  a  mode  at 


t  =  duration  of  time  since  the  end  of 
the  previous  epidemic  wave,  when 
at  that  time  therevere  no  auaceptlbies 


T  -  1  t  -  . 

r 


(H-4) 


Thus  the  time  t  corresponding  to  this  mode  can  be  obtained  by  substituting  equations 
(H-2)  and  (H-3)  into  (H-4): 


m  X  D  t  =  1  + 


m  X  D 

£  N 


' '  “ x  ” 


If  N  is  large  enough,  equation (H  -5)  can  be  replaced  by 

1 


t  = 


m  X  d 


(H-5) 


(H-6) 


Equation  (H -1)  can  be  multiplied  on  both  sides  by  N 

p  N  =  g — -  so  that  X  =  pN  =  — ■ 

2_o  .  D  o 

N 

The  results  can  be  substituted  into  equation  (H-6)  so  that 

“t  -  la  (h-7) 

m 

where  t  is  the  predicted  mode  of  the  duration  of  the  time  interval  between  two  con¬ 
secutive  epidemic  waves. 

Two  questions  need  to  be  answered  before  this  formula  can  be  applied: 
a)  What  is  the  minimum  population  size  N  compatible  with  the  use  of  the 
abbreviated  formulas  (H-6)  and  (H-7) ? 

Bartlett—  reported  the  buildup  of  an  artificial  epidemic  process  extended 
in  apace  as  well  as  in  time.  He  found  that  this  simulation  predicted  that 


Bartlett,  M.  S.  "Measles  Periodicity  and  Community  Size,"  Journal  of 
Royal  Statistical  Society.  Series  A,  Vol.  120,  1957,  pp.  48^6CT 
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i 


relatively  i  Sv'.j'.eu  i  vr.s  s.r  .  ,ir  l  '  certs,  r.  British  t  reed  r.cre  char. 

200,000  inhabitants  tor  measles  to  rerain  endemic  without  an  influx  of  irifec- 
tiv*  patients.  When  he  ested  the  prediction  with  observations  of  tex^ns,  he 
found  that  they  did  not  need  an  influx  from  outside  it  the  number  of  Inhabitants 
was  more  than  250,000  or  300,000.  Thus,  the  fit  between  prediction  and  observa¬ 
tion  was  fairly  good  and  this  supports  the  realism  of  Bartlett’s  model. 

Date  used  by  Bartlett  confer  the  impression  that  a  relatively  isolated 
town  needs  more  than  100,000  inhabitants  for  its  average  interval  between  con¬ 
secutive  epidemic  peaks  to  be  independent  of  population  size.  Hence,  for  auch 
a  population  size  the  second  term  of  equation  (H-5)  is  of  minor  importance 
relative  to  the  firat  term. 

b)  Are  equations  (H-6)  and  (H-7)  applicable  when  a  <  1? 

For  different  values  of  a  in  table  H-ll,che  prevalence  of  infectives  is 
given  for  consecutive  time  units  follcwing  the  artificial  event  where  100  per¬ 
cent  of  the  community  members  are  simultaneously  infected.  Calculation  is 
based  on  the  assumption  that  the  intensity  of  infectivlty  is  equally  distributed 
over  the  total  duration  of  infectivlty.  When  the  beginning  of  the  infective 
period  coincides  with  the  highest  intensity  of  infectivlty,  the  influence  of  the 

sice  of  a  on  the  prevalence  of  infectives  is  less  marked;  in  general.  Influenza 

6/ 

la  such  a  case  (Woodall,  e t .  a  1 .~  ),  The  influence  of  the  size  of  a  is  still 
less  if  the  infections,  rather  than  taking  place  simultaneously,  are  distributed 
more  evenly  over  time.  Finally,  in  the  equilibrium  stete  in  which  the  number  of 
new  infections  is  equal  for  all  points  in  time,  there  is  complete  independence 
between  the  size  of  a  and  the  prevalence  of  infectives  as  long  as  the  product 
qD  remains  constant.  In  many  cases  where  a  stationary  process  is  reached  and 
the  amplitude  of  the  oscillations  of  s  and  i  around  the  expected  values  is 
small.  Equations  (H-6)  and  01-7)  also  seem  applicable  to  diseases  (like  tubercu¬ 
losis)  with  a  value  for  a  that  is  appreciably  smaller  than  one.  In  other  diseases 

(like  diphtheria), if  the  value  of  a  is  not  too  small,  a  much  larger  amplitude  of 

the  oscillations  seems  to  be  compatible  with  use  of  equations  (H-6)  and  (H-7). 

D.  Assessment  of  the  Wlthln-Household  Contact  Rate  by  Means  of  the  Secondary  Attack 
Rate 

In  considering  a  population  100  percent  susceptible  to  a  disease,  the  secondary 
attack  ratio  (B),  expressed  as  a  proportion  of  the  population,  is  here: 

g  Number  of  persons  secondarily  sttarkoH 

Number  of  persons  exposed 

Number  of  persons  secondarily  attacked  in  the  household 
Number  of  persons  (all  susceptible)  present  in  the  household 


Woodall,  J,,  K.  C.  K.  Rowson,  and  J.  C.  McDonald.  "Age  and  Asian  Influenza," 
British  Medical  Journal,  No.  5108,  Vol.  2,  1958,  pp.  1316-1318. 
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SEQUENCE  OF  THE  PREVALENCE  OF  INFECTIVES  AFTER  SIMULTANEOUS  INFECTION  OF  ALL  MEMBER 
OF  A  COMMUNITY  FOR  DIFFERENT  PROPORTIONS  OF  THE  INFECTED  PERSONS  THAT  BECOME 
INFECTIVE,  THE  OVERALL  NONSPECIFIC  SUSCEPTIBILITY  BEING  EQUAL  IN  ALL  INSTANCES 


where  (A)Q  la  distinguished  from  A  -  —  (Chapter  III)  by  being  observed  over  the 
time  interval  0,D  instead  of  the  usual  unit  of  time  (D  ia  the  duration  of  infectivity 
in  an  Infective  person). 

If  only  households  with  one  primary  case  are  considered, 

®“<P')0|D  (H-9) 


where  (p')g  p  1*  similarly  distinguished  from  p'  by  using  the  probability  of  at  least 
one  contact  between  any  two  specified  persons  in  the  household  during  the  time  inter¬ 
val  0,D. 

Apply  equation  (3),  Chapter  III,  to  one  of  the  algebraic  definitions  of  e,  the 
base  of  the  natural  logarithm: 


■  <P’>0 


-D V 


(11-10) 


Substituting  equation  (H-9)  into  (H-lU), 

(1  -  B)"  1  =  e"D^  or  V  »  -  ~  fn(l-B).  (H-ll) 


Thus,  if  n,  D,  and  B  are  known,  the  within-household  contact  rate  can  be  calculated. 

In  sunmary,  the  conditions  to  be  met  are:  (1)  The  household  should  contain 
only  susceptibles  except  for  the  primary  case;  (2)  The  secondary  cases  should  have 
been  infected  by  the  primary  case  only,  not  by  each  other  nor  by  outsiders;  (3)  All 
subclinical  infections  should  be  reported. 


III.  ASSESSMENT  OF  THE  NONSPECIFIC  HOST  RESISTANCE 


If  it  can  be  assumed  that  there  are  no  deaths  among  the  susceptibles  and  that 
the  population  is  stationary  and  stable  (constant  birth  rate  equals  the  constant 
death  rate), 


l 

a  D 


(■••*) 


so  that  a  D  * 


i 


,  ■  ) 
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Appendix  I 

Determinants  of  the  Contact  Rate  in  the  Disease 
and  Chronic  Conditions  Submodel 

This  appendix  describes  and  summarizes  nine 
environmental  attributes  and  their  interrelation¬ 
ships  which  are  a  priori  likely  to  influence  the 
rate  of  epidemiologic  contact  between  individuals 
in  the  Soper-Reed-Frost  model. 
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Determinants  of  the  Contact  Rate  In  the 
Disease  and  Chronic  Conditions  submodel 

Several  behavioral  and  environmental  attributes  are  likely  to  influence  the 
level  of  the  contact  rate.  Nine  of  these  attributes  will  be  considered  in  this 
Appendix;  i.e.,  radiation,  crowding  within  the  household,  size  of  the  household, 
relative  humidity,  temperature  level,  temperature  changes,  season,  ventilation  and 
air  pollution.  In  order  to  assess  the  relative  effects  of  these  nine  attributes, 
it  is  necessary  to  measure  the  contact  between  individuals  in  the  Soper-Reed-Frost 
model.  If  one  assumes  that  persons  at  risk  are  known  to  be  susceptible,  this 
contact  rate  might  be  measured  within  the  household  as  a  secondary  attack  ratio 
and  in  the  community  as  a  crude  attack  rate.  The  restriction  of  classifying  the 
persons  at  risk  as  susceptible  or  nonsusceptible  usually  demands  skin  tests 
(for  tuberculosis  and  diptheria)  ,  serological  tests  (for  influenza)  or  reliable 
histories  (for  measles)  in  diseases  conferring  lifelong  immunity.  The  following 
virus  diseases,  however,  have  the  advantage  of  not  needing  these  tests  to  provide 
data  for  computing  the  contact  rate:  common  cold,  adenovirus  type  4,  and  influenza 
type  A. 

The  common  cold  can  be  caused  by  a  number  of  viruses;  each  virus  probably 
differ',  in  its  invasiveness  and  communicability.  Hence,  in  order  to  apply  observa¬ 
tions  oi  the  quantitative  relationship  between  crowding  and  contact  rate  of  the 
common  cold  to  the  quantitative  relationship  of  other  respiratory  diseases,  it  is 
assumed  that  t-he  numerous  common  cold  viruses  are  fortuitously  randomly  distributed 
among  all  population  groups  as  observed  or  predicted.  Under  this  assumption  the 
common  cold  can  be  viewed  as  one  disease  with  short-term  immunity  to  which  large 
population  sections  are  susceptible. 

Adenovirus  type  4,  a  disease  producing  lifelong  immunity,  rarely  attacks  non¬ 
military  populations;  thus  it  can  be  assumed  without  much  investigation,  that 
certain  young  age  groups  are  susceptible  (ncnimmune)  to  this  disease. 


Studie«  ■  ■  t  ;  nf  .  _,r  ~ .  3  tvoc  A  i  tv  Davenport  ,  Francis,  Hennessv,  HI , leman,  and 

,  ,1-6/  , 

jtnsen)  show  tnat,  cnraughout  Che  world,  persons  of  the  same  age  have  largely 
identical  immunological  experience  with  the  various  "families"  and  strains  of  this 
virus  type.  Thus,  like  for  adenovirus  type  4,  it  is  sometimes  justified  to  make 
sweeping  generalizations  concerning  the  susceptibility  of  an  entire  population  when 
a  new  "family"  or  3train  emerges  by  antigenic  mutation. 

A  brief  discussion  of  the  nine  attributes  that  influence  the  level  of  contact 
rate  is  presented  below, 

1 .  Radiation 

If  radiation  influences  the  contact  rate,  it  is  in  the  direction  of  an 
increase.  However,  in  view  of  present  knowledge,  it  is  unlikely  that  this  in¬ 
fluence  will  be  large  compared  to  the  change  in  susceptibility. 

2 •  Crowding  Within  Household  (conmon  cold) 

Brimblecombe  e_t  al.-**-  found  that  differences  in  degree  of  crowding  are 
cerielated  with  differences  in  the  secondary  attack  ratio  (this  ratio  can  be  an 
index  of  withln-househo id  contact  rate  under  given  circumstances,  Appendix  H. 
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In  their  study,  it'  one  or  two  rooms  were  available  for  a  family  of  five,  the  secondary 
attack  rate  averaged  17. A  percent;  if  four  or  more  rooms  were  available  for  such  a 
family,  the  rate  averaged  13.5  percent,  if  this  association  between  crowding  and 
secondary  attack  rate  would  remain  the  same  when  other  factors  showing  association 
with  the  secondary  attack  rate  are  taken  into  account,  such  an  association  under  the 
same  assumptions  could  be  applied  to  other  respiratory  diseases. 

3.  Size  of  the  Household  (common  cold) 

An  English  study  on  the  distribution  of  secondary  infections  of  the  common  cold 
over  the  households  of  a  rural  community  gives  some  clues  to  the  influence  of  size 

and  composition  of  the  household  on  this  distribution. 
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Lidwell  and  Summerville  observed  distributions  of  secondary  infections  in  the 
village  of  Bowerchalke  near  Salisbury,  England  and  classified  the  households  according 
to  size  and  combination  of  age  groups  ("adults",  "school  children",  "infants") 
belonging  to  the  household.  They  performed  two  operations  for  each  class  of  house¬ 
holds  separately:  (1)  They  plotted  a  frequency  histogram  of  the  number  of  secondary 
infections  observed,  and  (2)  they  determined  the  single  value  of  the  within  -nousehcld 

contact  rate  p'  best  fitting  to  all  observations  in  this  class.  Using  this  p'  value 
and  a  random  variable  to  simulate  within-household  infection,  they  plotted  a  frequency 
histogram  of  the  number  of  secondary  infections  thus  predicted  by  the  Reed-Frost  model. 
In  superimposing  the  observed  and  predicted  histograms  thus  obtained,  Lidwell  and 
Summerville  found  a  good  fit  for  each  class  of  households. 

The  concept  ot  contact  rate  applies  not  only  to  household  classes  but  also 
to  individuals  within  the  household.  For  example,  if  a  household  is  made  up  of  four 
individuals  with  p'  values  of  0.1,  0.3,  0.3,  and  0.4,  the  members  share  a  "ho.,  '.old 
p'  "  equal  to  the  arithmetic  average  of  the  figures  (0.25). 

The  members  of  a  number  of  households  can  be  stratified  according  to  "family 
status"  (father,  mother,  older  or  younger  school  child,  toddler).  An  Index  of 
the  average  individual  p'  values  of  suet:  strata  is  the  "relative  communicability 
ratio"  devised  by  Brimbiccombe  et  a  1 .  Ratios  for  the  five  mentioned  categories  of 
family  status  were  assessed  In  a  study  of  London  families  attending  Paddington  Greet. 
Children's  Hospital  Clinic. 


Lldewell,  0.  M.  a.al  T.  S.mnervi  He.  "Ohscrvat ion<  ■  >::  the  Incidence  ami  Distribute 
of  the  common  Cold  in  a  Rural  Community  During  1948  and  19*9,  Journal  of  Hygiene. 
Vol .  49.  1951  .  pp.  3o  •- 38 1  .  ~ 
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BEST-FITTING  VALUE1'  OF  THE  RATE  OF  CONTACT  "WITHIN 
HOUSEHOLDS"  (p‘)  FOP.  COMMON  COLD  BY  TYPE  OF  HOUS"HOTT 
Baaed  on  Observation  in  English  Families,  195  c  / 


Type  of 

Household 

Values-''  (p ’ ) 
Corresponding 
to  best-fitting 

(p,)0.D 

Number 

of 

Members 

Age  Group 
of 

Members 

Best-fitting- 

valuesiy 

(p  *0,0 

(p ‘ )  Values 
Adjusted  for— 
"family  status" 
P'* 

p '  *  ( n  - 1 )  - 

2 

Adult  only 

.205 

.115 

.11! 

.111 

3 

Adult  only 

.273 

.  160 

.  155 

.310 

3 

Adult 

School-age 

.201 

.111 

.  092 

.  183 

3 

Adu  1 1 

Infant 

.284 

.  167 

.151 

.302 

4 

Adult  only 

.  146 

.  079 

.  076 

.229 

4 

Adult 

School-age 

.246 

.  141 

.108 

.324 

4 

Adult 

Infant 

.263 

.  156 

.137 

.411 

4 

Adult 

School -age 
Infant 

.  166 

090 

.  074 

.221 

6 

Adu  It 

School -age 

.  164 

.  090 

.  0b  9 

.345 

7 

Adu  1 1 

School -age 

.  161 

.  068 

.  069 

.414 

7 

Adult 

School -age 
Infant 

.  157 

.  078 

.  061 

368 

£■  Brimb lecombc  i«t  al.  -  '  ;  i.idwvll  and  Sonant  rvi  1  It- — . 

—  The  hest-fitt Ing  values  (within  household  contact  tatr  as  measured  over 

a  time  duration  D)  were  obtained  bv  Lldvrll  and  S-vnisr  rvl  1  le. 

—  It  has  been  assumed  that  the  duration  ot  infeilivlty  D  is  two  time  unit* 
(incubation  periods). 

—  The  adjustment  was  performed  by  dividing  the  wl t hln-househo Id  contact  rate  p’ 

by  the  arithmetic  average  of  the  "relative  coesstm  Icabl  I  i  t  v  rat  So*”  (BrisMr.  iwhr 
et  al.)  attached  to  the  "fatally  status"  a*  occupied  by  the  household  numbers 
concerned.  The  age  group  classification  of  iiiwell  and  Soeptervi  1  le  does  not 
completely  coincide  with  the  "family  status”  si  rat  l  f  1  at  ion  o*  Br  lab  1  ecne.be  et_ 
al .  Die  two  sets  of  dats  were  made  comparable  bv  guessing  the  most  iiWelv  fartiv 
status  occupied  by  the  age  groupa  esaBlned  by  lljvell  and  Si  srser  v  1  1  le . 


,  / 

--J  "Faisliv  Studies  of  Respiratory  .nfections,"  c  it  ■ 

-1  "Observati  .  in  the  Incidence  and  Distribution  ^_£.  c  1 1 . 


It  tills  index  Is  applied  to  the  best-fitting  p'  values  obtained  by  Lidwell 
and  Sommerville,  the  result  is  a  "p'  adjusted  for  family  status".  These  adjusted 
p'  values  can  be  transformed  into  contact  rates  (compare  equation  (3),  Chapter 
111);  thus,  the  existence  or  absence  of  an  association  between  contact  rate  and 
household  size  can  be  ascertained. 

If  p'  is  small  enough,  the  within-househoid  contact  rate  X'  is  equal  to 
p'(n-l).  Lidwell  and  Sommerville' s  best-fitting  p'  values  adjusted  for  family 
status  can  be  inserted  into  this  equation,  and  the  estimated  line  of  regression  of 
the  resulting  X'  values  on  the  household  size  n  can  be  assessed.  This  regression 
is  significant  at  the  3  per^enc  level  according  to  the  customary  F-test;  the  slope 
of  the  estimated  regression  line  is  +0.041.  A  point  estimate  of  the  coefficient  of 
variation  of  the  contact  rate  is  0.329.  When  the  household  class  of  two  adults  only 
(who  presumably  spend  much  of  their  time  outside  of  their  household)  is  omitted,  the 
regression  is  not  significant  and  the  coefficients  of  variation  of  the  contact  rate  is 
0.255  («ee  table  I-I) .  This  finding  supports  the  contention  that  the  contact  rate 
is  approximately  independent  of  community  size. 

4.  Relative  Humidity 

12/ 

In  a  survey  of  the  common  cold,  Buckland  and  Tyrelx —  showed  in  a  medium  suspended 

in  the  air  that  rhinoviruses  survive  better  in  higher  humidities.  On  the  other  hand, 

13/ 

Hope-Simpson—  recorded  an  incident  during  a  poliomyelitis  epidemic  in  Denmark  in 

which  the  breathing  apparatus  used  fi  paralyzed  cases  produced  dry  respiratory  air 

resulting  in  respiratory  infections.  These  infections  ceased  immediately  after  correction 

14/ 

of  the  respiratory  air  humidity.  Hope-Simpson —  also  mentioned  that  in  a  humid 
(humidity  constantly  bO  percent)  cheese  factory  in  Wales  the  morbidity  rate  due  to 
common  cold  was  less  than  50  percent  of  the  rate  'n  a  control  group. 

If  such  findings  could  be  confirmed  under  different  conditions  of  observation, 
it  would  seem  to  indicate  that,  in  the  case  of  relative  air  humidity,  the  response  of 
the  host  has  a  larger  effect  on  contact  rate  than  me  survival  chances  of  the  organism 
when  suspended  in  the  air. 


Buckland,  F.  E.  and  D.  A.  J.  Tyrrell.  "Loss  of  Iofectivity  on  Drying  Various 
Viruses . "  Nature .  Vol.  195,  1962,  pp.  1063-1064. 

Simpson ,  R.  E.  Hope.  "Common  Respiratory  Diseases--Symposium, "  Foyai  Society 
of  Health  Journal,  Vol.  78,  1958,  pp.  593-599. 

Simpson,  R.  E.  Hope.  "Discussion  on  the  Common  Cold,"  Proceedings  of  the  Royal 
Society  of  Medicine,  Vol.  51,  1958,  pp.  267-271. 


Buckland  and  Tyrell— ^  showed  that  unspecified  adenovirus  suspended  in  sir 
survives  better  under  high  relative  humidity.  However,  as  pointed  out  for  the 
common  cold,  the  quantitative  affect  on  contact  rate  by  virus  survival  in  air 
suspension,  when  the  relative  humidity  is  varied,  is  probably  less  then  the 
effect  of  host  susceptibility. 

Hessses  et  alJ^  and  Harper  — /  observed  that  aeroaols  of  cultures  of  in¬ 
fluenza  type  A  remain  viable  longer  if  the  relative  humidity  is  lower:  after 
one  hour  at  room  temperature  the  survival  rate  was  10  times  higher  at  s  relative 
humidity  of  35  percent  than  at  65  percent.  Buckland  end  Tyrell— ^  confirmed 
this  observation.  As  pointed  out  fer  the  common  cold  end  adenovirus  4,  the 
quantitative  importance  of  the  virus  survival  in  air  suspension  is  probably 
smaller  than  the  importance  oi  host  susceptibility,  in  terms  of  the  effect  of 
either  one  of  these  characteristics  on  the  contact  rate  under  various  levels 

of  relative  humidity.  For  influenza  A,  however,  both  effects  have  the  same 

18/ 

direction.  Chaudhury  compared  an  urban,  exposed  and  a  rural,  closed  community 
during  the  1957  Sumner  influenza  epidemic  in  India.  He  concluded  chat  a  relative 
humidity  of  40-70  percent  seemed  to  favor  Che  febrile  influenza  catarrhs  and 
that  80  percent  or  more  seemed  to  disfavor  them.  Thia  observation  agrees  with 
those  of  Buckland  and  Tyrell  and  of  Hemmes. 

5.  Environmental  Temperature  Level 
19/ 

Anurevea— experimentally  chilled  volunteers  and  infected  them  with  virus 

cultures  obtained  from  comnon  cold  patients;  he  found  thst  the  ettack  rate  did 

20/ 

not  differ  from  chat  of  non-chilled  control  volunteers.  Dowling  et  al . — 
conducted  similar  experiments  with  similar  results.  Howsver,  in  one  instance 


— ^  "Loss  of  Infectivity  on  Drying  Various  Viruses,"  ojj.  cit. 

—  Kemmes,  J.  H, .  K.  C.  Winkler,  and  S.  M.  Kool.  "Virus  Survival  as  a  Seasonal 
Factor  Influenza  and  Poliomyelitis."  Nature,  Vol.  188,  1960,  pp.  430-431. 

— 7  Harper,  G.  J.  "Airborne  Micro-Organisms'  Survival  Test  with  Four  Viruses," 
Journal  of  Hygiene.  Vol.  59,  1961,  pp.  479-486. 

■j  Q  f  _ 

—  Choudhurv,  A.  K.  "Some  Epidemiological  Considerations  of  Influenza  1957," 

Calcutta  Medical  Journal.  Vol.  59,  1961,  pp.  231-236.  As  quoted  in: 
American  Institute  of  Biological  Sciences:  An  Annotated  Bibliography  of 
Influenza  with  Indexes.  Published  quarterly.  Washington,  D,  C. :  1957-1963. 

— ^  Andrews,  C.  H.  'Adventures  Among  Viruses.  III.  The  Puzzle  of  the 

Common  Cold."  New  England  Journal  of  Medicine.  Vol.  242,  1950,  pp.  235-240. 

— ^  Dowling,  H.  W. ,  G.  G.  Jackson,  and  T.  Inouye.  "Transmission  of  the 

Experimental  Common  Cold  in  Volunteers.  II.  The  Effect  of  Certain  Host 
Factors  Upon  Susceptibility,"  Journal  of  Laboratory  and  Clinical  Medicine. 
Vol.  50,  1957,  pp.  516-525. 
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they  did  find  an  association:  female  volunteers  in  * he  middle  third  of  their 
menstrual  cycle  had  higher  attack  rates  when  chilled.  Roden, — / in  experiments 
similar  to  those  of  Andrewes  and  Dowling,  found  that  the  attack  rates  were  slightly 
higher  in  the  summer  than  in  the  winter  and  that  this  difference  W3S  more  marked 
among  male  than  female  volunteers. 

m  ~il 

Hensnes —  and  Harper  showed  that  for  Influenza  A  the  association  between 
temperature  level  and  virus  survival  in  aerosols  is  such  that  variations  within 
the  range  of  prevailing  indoor  temperatures  entail  only  small  changes  in  sur¬ 
vival  rates. 

b.  Environmental  Temperature  Change  (coircnon  cold) 

737 

Van  Loghem—  found  that  the  attack  rate  of  common  colds  is  increased  when 
there  is  a  drop  in  the  outdoor  temperature  level.  Since  the  indoor  temperature 
level  certainly  was  more  constant  than  the  outdoor  and  since  low  humidity  of 
the  indoor  air  was  not  a  problem  (central  heating  systems  were  not  yet  in  use), 
the  change  in  temperature  as  a  person  went  outdoors  might  well  have  been  the 
responsible  factor.  Furthermore,  current  knowledge  (Tromp)-^/  concerning  the 
physiological  allergy  reactions  of  the  respiratory  tract  suggests  that  a  sudden 
decrease  in  temperature  promotes  the  spreading  of  organisms  by  the  infective 
host  through  sneezing. 

7.  Season 

26,27/ 

Hilleman  et_  ad. 7 —  found  that  the  primary  attack  rate  of  adenovirus  type 
1  among  susceptible  Army  recruits  differed  by  season.  The  contact  rate  derived 


Roden,  A.  T.  '’Variations  in  the  Clinical  Pattern  of  Experimentally  Induced 
Colds,"  Journal  of  Hygiene,  Vol.  61,  1963,  pp.  231-246. 

Hemmes,  J.  H.  Thesis.  Utrecht  (1959),  as  quoted  by  Hemmes  et  ajL  in: 
"Virus  Survival  as  a  Seasonal  Factor  in  Influenza  and  Poliomyelitis," 

0£.  Cj_t. 

"Airborne  Micro-organisms'  Survival  Test  With  Four  Viruses,  0£.  ci t . 

Van  Loghem,  J.  J.  "An  Epidemiological  Contribution  to  the  Knowledge 
of  the  Respiratory  Diseases."  Journal  of  Hygiene.  Vol.  28,  1928,  pp.  33-54. 

Tromp ,  S.  W.  "Biometeorol og ica 1  Aspects  of  Respiratory  Diseases."  Paper 
read  at  Air  Pollution  Medical  Research  Conference,  Los  Angeles,  American 
Medical  Association,  March  2-4,  1966. 

Hilleman,  M.  R. ,  et  al.  "Epidemiology  of  RI  (RI-67)  Group  Respiratory 
Virus  Infections  in  Recruit  Populations,"  American  Journal  of  Hygiene, 

Vol.  62,  1955,  pp.  29-42. 

Hilleman,  M.  R. ,  et  al.  "Epidemiologic  Investigations  with  Respiratory 
Disease  Virus  RI-67,"  American  Journal  of  Public  Health.  Vol.  45,  1955, 
pp.  203-210. 
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from  the  primary  attack  rate  (assuming  that  80  percent  of  the  new  recruits  were 
susceptible)  was  about  twice  as  large  in  winter  as  in  summer.  This  difference 
could  be  due  to  crowding,  ventilation,  temperature  change,  relative  humidity 
of  indoor  air,  concomitant  pathology  like  common  cold  or  allergy  (sneezing),  or 
a  combination  of  some  or  all  of  these  factors. 

The  geographical  description  of  the  influenza  A  epidemic  of  1957-1958 
suggests  that  the  contact  rates  were  higher  In  winter  and  early  spring  than  in 
summer  and  early  fail  (see,  for  Instance,  Langmuir—').  Again,  this  association 
can  be  interpreted  in  terms  of  ventilation,  temperature  change,  relative  humidity 
of  indoor  air,  concomitant  pathology  like  common  cold  or  allergy  (sneezing), 
or  a  combination  of  some  or  all  of  these  factors. 

8.  Ventilation  (tuberculosis) 


To  determine  the  infectivity  of  the  air  in  tuberculosis  hospital  wards, 

29/ 

Riley- —  titrated  this  air,  using  susceptible  guinea  pigs  as  an  indicator.  He 
found  agreement  between  the  amount  of  air  needed  to  infect  a  guinea  pig  and  the 
amount  of  air  inhaled  by  Scandinavian  student  nurses  before  their  tuberculin¬ 
negative  reaction  converted.  This  finding  seems  to  support  the  notion  that  in¬ 
creased  ventilation  of  the  human  environment  decreases  the  contact  rate  for 
tuberculosis. 

9.  Air  Pollution  (common  cold) 

McCarroll  al2*-°?~>  -  in  a  family  study  in  New  York  City  demonstrated  a 
positive  correlation  between  sulfoxide  content  of  the  air  and  crude  attack  rate 
of  acute  respiratory  disease  (mainly  common  cold).  These  data  are  inconclusive 
as  to  whether  the  contact  rate  or  the  host  susceptibility  is  primarily  affected. 


Langmuir,  A  D.  "Epidemiology  of  Air-Borne  Infection,"  Bacteriological 
Reviews,  Vol.  25,  1961,  pp.  175-181.  '  "“i“"  ~ 

Riley,  R.  L.  "Air-Borne  Pulmonary  Tuberculosis,"  Bacteriological  Reviews 
Vol.  25,  1961,  pp.  243-248.  - - 

McCarroll,  J.  R.  ,  E.  J.  Cassell,  W.  I.  Ingram,  and  D.  W.  Wolter,  "Health 
and  the  Urban  Environment:  Health  Profiles  Versus  Environmental  Pollutants," 
American  Journal  of  Public  Health.  Vol.  56,  1966,  pp.  266-275. 

McCarroll,  J.  R. ,  E,  J.  Cassell,  D.  W.  Wolter,  J.  D,  Mountain,  J.  R.  Diamond, 
and  I.  M.  Mountain.  "Air  Pollution  and  Illness  in  a  Normal  Urban  Population/' 

Archives  of  Environmental  Health.  Vol.  14,  1967,  pp.  178-184. 
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Determinants  of  Host  Susceptibility  in  th;  Disease 
and  Chronic  Conditions  Submodel 


This  appendix  describes  five  host  attributes  which 
a  priori  are  likely  to  influence  the  host  susceptibility 
which  determines  in  turn  the  proportion  of  infected 
individuals  who  become  infective  themselves  (the 
"Infective  Ratio.") 
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Determinants  of  Host  Susceptibility  in  the 
Diseases  and  Chronic  Conditions  Submodel 


The  bacterial  diseases — tuberculosis,  diptheria,  and  whooping  cough — and  various 
virus  diseases  such  as  measles  can  provide  data  especially  useful  for  the  estimation 
of  values  for  the  host  susceptibility. 

In  the  case  of  tuberculosis,  indices  for  the  prevalence  of  infectives  (bacterial 

cultures,  direct  smears,  chest  X-rays)  are  readily  available  for  many  communities. 

There  is,  however,  a  caution  to  be  observed  in  analyzing  tuberculosis — especially  in 

rural  areas  with  a  mild  or  warm  climate — due  to  the  prevalence  of  aspecific  acid- 

fast  infection  which  confers  a  degree  of  cross-immunity.  (Amplification:  If  the 

small  *-".berculin  reactions  in  the  Medical  Research  Council  study-are  caused  by 

aspecific  acid-fast  organism,  these  organisms  would  reduce  the  risk  of  becoming  a 

tuberculous  case  to  one-third  of  its  original  value.) 

In  comparing  these  various  countries  at  different  points  in  time,  allov?ance 

should  also  be  made  for  differences  in  sensitivity  of  the  index  used.  (Amplification: 

2/  3/ 

Data  are  available  from  Africa  (Wiles  and  Rabr'e-  ;  Dubovsky—  ;  World  Health  Organiza¬ 
tion^)  from  New  Guinea  (Wijsmuller^1-^ ;  Hanegraaf— ^)  and  from  the  United  States 
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3/ 

6/ 

7/ 


"B,  C.  G.  and  Vole  Vacillus  Vaccines  in  th  Prevention  of  Tuberculosis  in 
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Dubovsky,  H.  "Mass  Miniature  X-Ray  and  Tuberculin  Survey  in  Orange  Free 
State  and  North  Cape  Colony,"  South  African  Medical  Journal.  Vol.  29, 

1955,  pp.  992-997. 

Tuberculosis  Survey  in  the  Somalilands  (1956),  Uigee ia  (1957),  Basutoland , 
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8/  9/ 

;  Cochrane  et^  al .  ;  Borgen 

13/ 

Comstock  and  Sartwell —  ).  These 
data  point  to  levels  of  the  nonspecific  host  susceptibility  to  tuberculosis  which  are 
roughly  10  times  higher  in  the  underdeveloped  areas  compared  with  United  States  and 
Eurppe. ) 

For  diphtheria,  indices  for  "equilibrium  values"  of  the  prevalence  of  infectives 

are  difficult  to  obtain  because  they  demand  periodic  naso- pharyngeal  cultures  of 

14/ 

populations  over  a  long  time.  (Amplification:  Murray —  gives  prevalence  figures  for 
Bantus,  South  Africa.  Glllm— ^  ;  Grossmarn— ■  ;  Schuman  and  Douil  ■  Strebbins  ;  and 


and  Europe  in  the  preantibiotic  era  (Burke  jet  al^ 
10/  11/  ,  J  12/ 
et  al. —  ;  Refsuifl —  ;  Sigurdsson  and  Edwards —  ; 
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Burke,  M.  H. ,  H.  C.  Schenk,  and  J.  A.  Thrash.  "Tuberculosi  Studies  in 
Muscogee  County,  Georgia.  II.  X-Ray  Findings  in  a  Community- Wide  Survey 
and  It0  Coveiage  as  Determined  by  a  Population  Census,"  Public  Health 
Reports.  Vol.  64,  1949,  pp.  263-290. 

Cochrane,  A.  L. ,  J.  G.  Cox,  and  T.  F.  Jarman.  "Pulmonary  Tuberculosis  in 
the  Rhondda  Fach.  An  Interim  Report  of  a  Survey  of  a  Mining  Community," 
British  Medical  Journal.  No.  8789,  Vol.  2,  1952,  pp.  843-8c;'V 

Borgen,  L. ,  S.  N.  Meyer,  and  E.  Refsum.  "Mass  Photogluorography ,  Tuberculin 
Testing  and  B.  C.  G.  Vaccination  in  the  District  of  Akar,  Norway,  1947-1949," 
Acta  Tuberculosis  Scandinavica.  Vol.  25,  1950,  pp.  327-355. 

Refsum,  E,  "Mass  Investigation  by  Photofluoroscopy,"  Acta  Tuberculosis 
Scandinavica .  Vol.  27,  1952,  pp.  288-302. 

Sigurdsson,  S.  and  P.  Q.  Edwards.  "Tuberculosis  Morbidity  and  Mortality 
in  Iceland."  World  Health  Organization  Bulletin.  Vol.  7,  1952,  pp.  153-169. 

Comstock,  G.  W.  and  P.  E.  Sartwell.  "Tuberculosis  Studies  in  Muscogee 
County,  Georgia.  IV.  Evaluation  of  a  Community- Wide  X-Ray  Survey  on 
the  Basis  of  Six  Years  of  Observation,"  American  Journal  of  Hygiene. 

Vol.  61,1955,  pp.  261-285. 

Murray,  J.  F.  "Diphtheria  Amongst  the  Bantu,"  Journal  of  Hygiene.  Vol.  43, 
1943,  pp.  159-169. 

Gill,  D.  G.  "Schick  Tests  and  Carrier  Surveys  in  White  School  Children, 
Alabama,  1937-1938."  American  Journal  of  Public  Health.  Vol.  30,  Supplement, 
194C,  pp.  25-27.  *  ”  ~  ~ 

Grossmann,  W.  "A  Schick  Test  and  Diphtheria  Carrier  Survey  of  White  Children 
in  Virginia  (Richmond),"  American  Journal  of  Public  Health.  Vol.  30, 

Supplement,  1940,  pp,  8-15. 

Schuman,  L.  M.  and  J.  A.  Douil.  "Diphtheria  Infection  and  Morbidity  in 
Cleveland,  1937-1939."  American  Journal  of  Public  Health.  Vol.  30, 

Supplement,  1940,  pp,  16-24. 

Strebbins,  E,  L.  "Diphtheria  Immunity  and  Carrier  Surveys  in  New  York  State," 
American  Journal  of  Hygiene.  Vol.  .30,  Supplement,  1940,  pp.  38-41. 


Frost  et  si. —  give  data  for  the  United  States  which  are  reasonably  free  from  pre¬ 
vious  specific  vaccination.  One  gains  the  impression  that  the  level  of  the  non¬ 
specific  host  susceptibility  is  roughly  nine  times  higher  in  Bantus  than  in  the 
United  States.  This  conclusion  has  the  Important  proviso  that  the  selective  factors 
operating  in  Murray's  work  are  not  known.) 

For  whooping  cough  mortality  reporting  seems  the  only  practical  index  of  mor¬ 
bidity  or  infectivity.  Since  the  reporting  of  whooping  cough  mortality  is  very  in¬ 
adequate  for  regions  not  providing  specific  vaccination,  a  comparison  between  the 
present  prevalence  in  these  regions  and  Europe  or  United  States  before  the  vaccination 
era  is  impossible. 

In  most  viral  diseases,  the  proportion  a  of  Infected  persons  that  become  in¬ 
fective  is  one,  and  the  average  duration  D  of  infectivity  is  farlly  constant. 

I.  Radiation  Effects 

References  on  radiation  are  given  in  literature  surveys  by  W.  H.  Taliaferro 
et  al.— ^and  by  R.  D.  Stoner  et  al.-^^^for  the  U.  S.  Armed  Forces  Epidemiological 
Board.  For  viral,  rickettsial,  bacterial,  and  protozoan  infections  as  well  as 
hexmlntnlc  lnt  -utd. iuu3  after  racist-ion  of  the  host,  the  following  phenomena 
(insofar  as  these  have  been  assessed  from  the  literature)  contribute  to  increased 
host  susceptibility: 

s)  Decreased  antibody  response. 

b)  Increased  hypersensitivity  to  antibiotics. 

c)  Increased  susceptibility  to  toxins. 

d)  Dscrsssad  effectiveness  of  cellular  defense  mechanisms. 

•)  Decreased  effectiveness  and  sometimes  lncrsssad  hern  from  iumuMrlng 

sgsnta. 
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In  view  of  parallel  experiences  where  protein  malnutrition,  instead  of 
radiation,  increases  the  host  susceptibility  (see  appendix  K-TAB)  ,  it  is  likely 
that  the  five  Just  mentioned  phenomena  operate  synergistically .  Also,  when 
there  is  multiple  infection  (which,  in  the  case  of  commensals,  is  the  rule  rather 
than  the  exception),  the  various  organisms  are  likely  to  act  synergistically  to 
increase  the  host  susceptibility  even  more. 

2.  Nutritional  Status 

23  ' 

According  to  Scrimshaw,  Taylor  and  Gordon's  survey —  of  378  articles  and 
books  on  the  subject  "interaction  of  nutrition  and  infection",  there  seems  to 
be  a  marked  association  between  nutritional  3tatus  and  nonspecific  host  resis¬ 
tance  against  bacterial  disease,  but  little  or  no  association  in  the  case  of 
viral  disease. 

There  is  a  difference  in  concept  between  the  chronic  protein  malnutrition 
observed  in  underdeveloped  countries  and  the  acute  caloric  malnutrition  observed 
during  periods  of  war.  In  the  former  case  in  which  the  caloric  intake  is  usually 
more  adequate  than  the  protein  intake,  there  is  a  clear  association  between 
susceptibility  to  infectious  disease  and  atrophy  of  host  cells  participating  in 
the  defense  mechanisms.  In  the  latter  case  in  which  there  is  acute  starvation, 
the  host  tissues  are  catabolized  for  energy  production;  this  results  in  rapid 
loss  ot  welgnt  out  it  hardly  aitects  the  oaxanee  between  the  various  nutrients 
"consumed"  (which  are  derived  in  part  from  catabolism  of  the  individual's  own 
tissues).  I”  some  .cute  cases,  unless  there  is  avitaminosis,  the  susceptibility 
to  infectious  diseases  is  significantly  increased. 

3.  Air  Pollution 

24/ 

For  women  working  In  five  United  States  cities  Dohar —  found  an  association 
between  the  Incidence  of  respiratory  disease  (mostly  common  colds)  lasting  more 
than  seven  davs  and  the  mean  concentration  of  suspended  particulate  sulphates 
in  the  atmosphere. 
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It  is  possible  that  the  data  of  McCarroll,  a_l.'  are  relevant  In 

this  respect.  These  showed  for  a  general  population  a  temporal  correlation 
between  concentration  of  suspended  particulate  sulphates  In  the  atmosphere  and 
various  symptoms  of  upper  respiratory  infection. 

*16  5.  Emotional  and  Genetic  effects 

These  factors  probably  affect  the  host  resistance •  however,  because  of  the 
limited  objectives  of  thin  paper,  they  in  assumed  to  be  fortuitously  randomized. 

Scrimshaw,  N.  S. .  C.  E.  Taylor,  and  '  E  tlnrdan.  "Interactions  of  Nutrition 

and  Infection,"  American  Journal  of  Medical  Sciences ,  Vol.  2)7.  1^$^, 

pp. 

Dohan,  F.  C.  "Air  Pollutants  and  Incidence  of  Respiratory  Pisease." 

Archives  of  Environmental  Health.  Vol.  .5.  l^tj  ,  pp.  187- 39b. 

"Health  and  the  Urh-n  F.nvi r onrsenj  :  Health  Profiles  Versus  Environmental..." 

ill- 

"Air  Pollution  an  t  Illness  In  a  Norma!  t  rban  Population."  oj>.  tit  . 


Appendix  K 

Stdtls  t  ical  Homogene _it v_  On  Disease  and 
Community  Factors  Aifec ting  Model  Parameters 

Both  Disease  and  Community  exert  a  statistical  effect 
on  the  contact  r  .»•'**  as  well  as  on  the  host  susceptibility 
(the  "Infective  Ratio"),  in  Che  Disease  >nd  Chronic  Condi¬ 
tions  Submodel  it  is  assumed  that  these  two  effects  act 
independently.  lhls  appendix  discusses  toe  available 
evidence  pertaining  to  t.iis  assumption. 
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Pertinence  and  Validity  of  the  Assumption  of  Statistical 
Homog eneity  In  io t  h_  Community  and  Pise ase  Effects 
On  Each  of  thd  '  1  Parameters 

I.  INTRODUCTION 

If  community  and  disease  effects  on  the  model  parameters  were  statistically 
homogeneous,  this  homogeneity  would  permit  prediction  of  unknown  values  in  a  matrix 
of  parameter  values  estimated  from  the  literature. 

Any  assu~pticn  made  for  the  purpose  of  prediction  and  explanation  should  be 
compatible  with  current  conceptual  knowledge  in  the  field  of  microbiology  and  realistic 
in  terms  of  observed  biological  and  behavioral  phenomena.  Two  assumptions  considered 
in  this  section  are:  (1)  The  contact  rate  is  the  product  of  an  organism  factor,  a 
host  factor,  and  the  residual  "clean  contact  rate  '.  (2)  The  nonspecific  susceptibil¬ 
ity  is  the  product  of  an  organism  factor  and  a  host  factor. 

II.  DEFINITIONS 

Any  assumption  made  for  the  purpose  of  prediction  ana  explanation  should  be  com¬ 
patible  with  current  concept*#!  kr.evi.adge  ir.  the  field  of  microbiology  and  realistic 
in  term#  of  observed  biological  behavioral  phenomena.  Two  aaauropt Iona  considered 
in  thia  section  are:  (1)  The  contact  ’■ate  is  the  product  of  an  organism  factor,  a 
host  factor,  and  the  residual  "clean  contact  rate".  (2)  The  nonspecific  auaceptlbil- 
ity  la  the  product  of  en  organism  factor  and  a  hoat  factor. 

8.  oef inltlona 

In  statistical  language,  the  flrat  asauaptic  .  maana  no  interaction  baruaan  the 
effects  of  any  two  of  the  factor#  --aunjd  i  t  v ,  temperature  J.angr,  ,  r  v.l  :ic- ->n  *.  h.- 

contact  rata;  the  aecond  assumption  means  no  Interaction  between  the  effects  ot 
organism  and  hoat  -on  the  nonspecific  hoat  susceptibility.  In  the  absence  of  such 
Interaction,  the  probability  of  the  intersection  of  events  under  consideration  is 
the  product  of  the  probabilities  cf  the  composing  event*. 

Th*  logical  procedure  is  a*  follows:  t'irat,  abstract  the  current  microbiologies* 
concepts  relevant  to  th#  organism  and  host  factors  ir.  each  of  the  two  aaavtf  pt  ior.s ; 
neat,  confront  the  two  assumption*  with  the  nlcrobiologlcal  concepts;  ana  finally, 
confront  th*  two  assumption*  with  pertinent  observations . 
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Table  K-I 


I 

I 

i 

i 


PATHOGENIC  PROPERTIES  OP  BACTERIA 


Properties  of  Bacteria  Pathogenic  Bacteria  Mechanism 


1.0  Surface  Ccnponents 

i.ia/Nontoxic,  antigenic 
surface  components 
Inhibit  phagocytosis; 
antibodies  are  protec¬ 
tive 

1 . 2^Nontoxlc ,  antigenic 
surface  components  in¬ 
hibit  phagocytosis; 
antibodies  to  these  com¬ 
ponents  are  not  protec¬ 
tive 


2.0  Extracellular  Products 
2. If/ Exotoxic  proteins 
account  for  the  princi¬ 
pal  pathogenic  properties 


3. 0-^Somatic  Endotoxins 


4.0-  Preference  for  s  Certain 
Site  of  the  Host  Mny  De¬ 
termine  the  Degree  of 
Infectlvity  of  an  Organism 


Pneumoccus 

Hemophilus  influenzae 
Klebsiella  pneumoniae 
Group  A  Streptococcus 
Peateurella  pestis 

Bacillus  anthracis 


Coryne bacterium 
diphtherias 

Staphylococcus 

Proteus 


Possibly  Klebsiella 
pneumoniae  and  Neisseria 
menlngi tides 


Capsular  polysaccharides. 
Capsular  polysaccharide*. 
Capsular  polysaccharides. 
M  proteins. 

Capsular  antigen. 

Antlbodiaa  are  not  pro¬ 
tective. 


Hyaluronic  acid  capsules. 
Secretion  of  coegulaae 
causes  host  fibrin  to  be 
deposited  on  the  surfece 
cf  the  organism. 

The  toxic  pyrogenic  por¬ 
tion  of  the  endotoxin  la 
not  antigenic  but  pyro¬ 
genic  and  potentiates 
epinephrln  action;  the 
nontoxic  polysaccharide 
portion  neutralises  the 
opsonic  affect  of  entl-0- 
antibody. 


Exotoxin. 


Leukocidin . 

Producea  alkaline  conditions. 


Orgsnisms  in  the  respiratory 
tract  are  more  easily 
disseminated 

/ 


1 .  B^Nontoxic ,  nonantigenic 
surface  components  inhib¬ 
it  phagocytosis 


Group  A  and  C  Streptococcus 
Staphylococcus 


1 .4s-  Toxic,  antigenic  sur 
face  components  (O-antigena) 
may  inhibit  phagocytosis 


Gram-negative  bacteria 


b  / 

2.2—  Extracellular  products 
are  not  the  principal 
pathogenic  properties 
but  may  contribute 
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Table  K-I  (Continued) 


Properties  of  Bacteria  Pathogenic  Bacteria 

Mechanism 

5. (^Ability  to  Survive  Outaide 

Reslat  dryness,  light. 

snd  unfsvorabls 

tempera  tura. 

MacLeod,  C.  M.  "Pathogenic  Properties  of  Bacteria  and  Defense  Mechanisms 
of  the  Host,"  Bacterial  and  Mycotic  Infections  of  Man,  3rd  edition, 

(ed.  R.  J.  Duboa) .  London:  Pitman,  1958,  pp.  84-113. 

Blair,  J.  E.  "The  Staphylococci,"  Bacterial  and  Mycotic  Infections  of  Man, 
3rd  edition,  (ed.  R.  J.  Dubos) .  London:  Pitman,  1958,  p.315. 

These  mechanisms  may  play  a  role  in  Klebsiella  pneumoniae  infection. 
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Table  K-II 


MECHANISMS  OF  HOST  DEFENSE 


Host  Susceptibility 


1.0  Entrance  Conditions 

1.1—  Mucus  secretion  and  consequent 
formation  of  a  mucus  blanket 
are  or  may  be  propelled  by 
ciliary  movement 

1.2—  ^A  viscous  mucus  may  contain 

inflammatory  exudate 

c  / 

1.3—  Intact  epithelium  may  be  dis¬ 
turbed  by  a  concomitant  virus 
infection  or  noxious  gas 

1.4—  ^Cilia  of  the  epithelial  cells 

operate  in  the  respiratory 
tract 

1.5— ^ The  host  cells  produce  lysozym 

2.0  Inf  lanmatory  Reaction 

2.  liy  Fibrin  deposit  and  physiological 
fibrinolysis 

2.2—  ^Lactic  acid  concentration 
b  / 

2.3-  Phagocytosis  potential 

2.4^Local  tissue  temperature 

2. 5^  Serum  concentration  of 
properdin 

3.  ^Clearance  by  the  Reticule-Endothelial 

Sye  tem 

4.  (^Specific  Immunity  by  Antibody  and 

Complement  Action 

5 . 0^ Hypersensitivity 
6.0^Exit  Conditions 


Defense  Mechanism 


Mucus  interferes  with  ciliary  movement 


Viral  infection  affects  aerial  dis¬ 
semination  and  susceptibility  to 
bacterial  colonization 


Agranulocytosis  Interferes  with 
phegocytosle 


Koch's  phenomenon 
Cough  and  sneeze  reflex 


a/  Bang,  F.  B.  "Mucociliary  Function  as  Protective  Mechanism  in  Upper 

Respiratory  Tract,"  Bacteriological  Reviews,  Vol.  25,  1961,  pp.  228-236. 

— ^  MacLeod,  C.  M.  "Pathogenic  Properties  of  Bacteria  and  Defense  Mechanisms 
of  the  Host,"  Bacterial  and  Mycotic  Infections  of  Man,  3rd  edition,  (ed, 

R.  J,  Dubos) .  London:  Pitman,  1958,  pp.  84-113. 

-  Eichenwald,  H.  F.,  0.  Kotsevalov,  and  L.  A.  Fasso.  "Some  Effects  of  Viral 
Infection  on  Aerial  Dissemination  of  Staphylococci  and  on  Susceptibility 
to  Bacterial  Colonization,"  Bacteriological  Reviews,  Vol.  25,  1961, 
pp.  274-281. 
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Table  K-III 


BIOLOGICAL  MECHANISMS  CONCEIVABLY  DETERMINING  THE  CONTACT  RATE, 

THE  SUSCEPTIBILITY  OF  THE  POTENTIAL  HOST,  AND  THE  CASE-FATALITY  RATI' 


&  / 

Description  of  the  Assumption- 

Reference  to  Description  of  the 

Biological  Mechanism®/ 

The  probability  that  a  susceptible 
person  becomes  Infected  during  a 
certain  time  period  with  a  given 
prevalence  of  lnfectivea: 

(f)  The  "clean  contact  rate"  comprises  host  behavior^-/ 
and  environmental  factors—. 

Pr(A*|B*)  -  f  .  gx 

(g.)Ability  of  the  organism  to  survive  outside  of 
the  host  (table  K-I:  5.0). 

The  probability  that  an  infection 
will  lead  to  the  loss  of  suscepti¬ 
bility  in  the  new  host: 

(g2)Thc  quality  of  the  infecting  organisms  (table  K-I 
1.1,  1.2,  1.3,  1.4). 

Pr(B*lA*)  -  g2  .  h2 

(hjJSelected  host  factors  that  allow  for  establish¬ 
ment  and  growth  of  the  organism  (table  K-II:  1.1 
1.2,  1.3,  1.4,  1.5,  2.1,  2.2,  2.3,  2.4,  2.5). 

The  probability  that  an  Infected 
person  will  become  infective  him¬ 
self  (the  propensity  of  a  colonized 
individual  to  become  an  Infective): 

Pr  (C*|B*)  -  g3  .  h3 

(g.)The  quality  of  the  infecting  organisms  (table  K-I: 
1.1,  1.2,  1.3,  1.4,  4.0). 

(h,)Selected  factors  in  a  new  host  that  allow  for 
establishment,  growth,  and  expulsion  of  the 
organisms  (table  K-II:  2.1,  2.2,  2.3,  2.4,  2.5, 
3.0,  4.0,  6.0) 

The  probability  that  an  infective 
person  will  still  be  infective  one 
time  unit  later;  the  number  of 
persons  dying  during  infectlvlty 
can  be  neglected: 

(g, )The  quality  of  the  infecting  organisms  (table  K-I : 
4  1.1,  1.2,  1.3,  1.4,  2.1,  2.2). 

(h^)Selected  host  factors  that  allow  for  continuing 
expulsion  of  infective  units  (table  K-II:  2.1 
2.2,  2.3,  2.4,  2.5,  3.0,  4.0,  (,.0)% 

Pr(D*jc*>  -  gA  .  \ 

./ 

b/ 

c/ 

d/ 

•/ 


For  further  reference  to  the  symbols  f,  g^,  etc.,  see  section  V,  C. 

Host  behevlor  Includes  crowding,  coughing  and  sneezing  habits,  gregariousness,  etc. 

Envlronnentel  factors  include  change  of  temperature,  relative  humidity  indoors,  sir 
pollution,  etc. 

Point  4.0  is  of  minor  importance. 

Points  2.0,  2.1,  2.2,  2.3,  2.4  and  2.5  are  of  minor  importance. 
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Table  K-I1I  (Continued) 


BIOLOGICAL  MECHANISMS  CONCEIVABLY  DETERMINING  THE  CONTACT  RATE, 

THE  SUSCEPTIBILITY  OF  THE  POTENTIAL  HOST,  AND  THE  CASE-FATALITY  RATIO 


Description  of  the  Assumption 


Reference  to  Description  of  the 
Biological  Mechanism 


The  probability  that  an  infective 
person  will  die  from  the  diseased 

Pr(E*|C*)  -  g5  .  h5 


(g.)The  quality  of  the  Infecting  organisms  pre¬ 
cipitating  the  host's  death  (table  K-I:  1.1, 
1.2,  1.3.  1.4,  2.1,  2.2,  3.0). 

(h.)Selected  host  factors  precipitating  death 
(table  K-II;  2.1,  2.2,  2.3,  2.4,  2.5,  3.0, 
4,0,  5.0). 


Event  (E*)  is  the  death  of  an  infective  person  due  to  the  infection. 
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Before  proceeding,  however,  a  notation  for  the  relevant  events  must  be  developed. 
In  the  process  of  an  infective  person  infecting  susceptibles  whereby  one  or  more 
become  infective,  five  possible  events  can  be  listed  as  follows: 

D*'  An  infective  person  is  the  old  host. 

A*  A  susceptible  who  becomes  infected  is  a  new  host. 

B*  The  new  host  loses  specific  susceptibility. 

C*  The  new  host  becomes  infective. 

D*  The  infectivity  of  the  new  infective  host  does  not  cease  within  one  time 
unit. 

The  model  parameters  can  be  related  to  these  events  as  follows: 

p  -  Pr (B*A*  |  D*')  aD  *  Pr(D*C*  |  B*)  (K-l) 

where  "Pr(XY|Z)"  is  the  probability  of  the  intersection  of  events  X  and  Y,  given 
event  Z.  Event  A*  cannot  be  observed;  event  B*  can  be  observed  only  by  skin  tests 
or  serological  tests;  and  events  D*',  C*  and  D*  are  potentially  observable  by  some 
convenient  index,  like  a  reliable  case  history  (wl.ich,  however,  needs  validation  by 
biological  methods) . 


III.  LOGICAL  PROCEDURE 

A .  Abstract  of  Current  Microbiological  Concepts 

Table  K-l  summarizes  most  of  the  pathogenic  properties  of  bacteria  relevant 
to  organism  and  host  factors  in  the  two  assumptions,  and  Table  K-II  summarizes 
most  of  the  relevant  mechanisms  of  host  defense.  The  examples  of  pathogenic 
bacteria,  added  for  clarity  to  Tabie  K-I,  are  not  limited  to  the  diseases  dis¬ 
cussed  in  this  paper. 

Table  K-II  lists  specific  events  in  the  probability  chain  that  affect  the 
contact  rate  and  the  nonspecific  host  susceptibility  and,  at  the  same  time, 
refer  to  biological  ^henomene. 

B .  Confrontation  of  the  Two  Assumptions  with  Microbiological  Concepts 

The  two  assumptions  can  be  expressed  in  microbiological  terms  as  follows. 

The  "battle"  between  host  and  organism  during  an  infection  is  represented  in 
five  "epochs"  given  as  subscripts  1-5  in  Table  K-l II.  In  addition,  let  ach  epoch 

cf  the  battle  be  divided  into  a  large  number  of  very  shot t  consecutive  stages, 

0,  1,  2,  3,  ...  t  ...  z,  which  are  added  as  subscripts  to  the  capital  letters 
below. 
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Let  event  A*  (taole  K-II1)  be  conditionally  determined  by  the  previous  event 
A*  and  by  the  mutually  independent  events  G,  ,  and  F  .  so  that 

z-i  1,2-1  z-1 

I’l  (A*  !  A*  -  Pr  (g.  .  |  A*  Pr  /f  .  i  A*  (K-2) 

\ '  -'i  l  ‘--1  -v  v  '-1  *-y 

Also  let 

"(*:-!  I  *L?)  ■  *  (C!.,-2  I  't-2 )  p'(F,-2  I  *1-2  )•  <K-3) 

Thus,  a  sequence  of  events  can  be  written  in  reversed  order  of  occurrence  as 
follows 


i 


A£-  AJ-1*  A*-2 ‘ 


A*  A*  A* 

V  '  V  o 


According  to  an  elementary  probability  rule, 
Pr  i 


(a?  a;.,  i  i  *(*;  i *•  A 


(K— 4) 


Substituting  equation  ( K—  2 )  into  (K-4) , 


Pr 


/a*  a*  . 

1  A*  -  Pr/  G. 

|  A*  \  Pr  ( 

F  «  ! 

a*  1 1 

v  t  t-i  ■  t-jy  \  i.t-'Z 

In  analogy  to  equation  (K-2), 

t-2  J  \ 

t-2  1 

t-2J 

Pr(A£  1  A?-i  At-i)  -pr(Gi,t-i  !  At-i 
Substituting  equation  (K-6)  into  (K-5) , 

/ 

Pr  ^F 

Pr  | 

(A?  At-  l  1  AQ  ■  "  ( 

kCl,t-2  1  Kl-l) 

)  p,  ( 

t 

f  **  i 

t-2  ! 

Pr| 

(h.t-i  i 

*;->) 

/ 

Pr 

-  Pr 

(ci.t-i  h.,-2 

1  A?-i 

ku) 

) 

v  1  A*  A*  1 

‘ t-2  *  t-1  t-2 


This  argument,  as  given  from  equation  (K-4)  through  (k-tt) ,  Can  be  extended  SO  that 


Tr 


(*;.i  *;  4;-i 1  *f-2)  •  Pr(4;  *;.i j  p> 

■"Ip'uhu)  < 

Pr(r. !  ‘r ‘t, 


*;«  a;  *;->  »;. v 


pr  'h.« !  *;  »:-i Ap 
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Substituting  equation  (K-7)  into  K-S)  , 


Pr 


(*hi  *;  1  *;.2)  ■ s,.-; 1  *; 

"  (f,  Ft-i  1  a;  »;.j)  . 

Equation  (K-l)  p  *  Pr  A*  |  0*’}  can  nov  be  written  as 
? 


»  Pr  !  ft;,  .  G,  ,  . . .  ff,  :  8*  ,  ,  . . .  B*^ 

[C.  C.  ,  ...  5,  A*  A*  ,  ...  A*  D»*  |  |  . 

\  1,2  1 ,  ?*  1  1,0  A  1-1  I  f 

Pr  [H,  ,  a,  T  ...  H,  S*  8*  B*\ 

. .  -  vV 

if  F  .  ...  F  !*»-!«,  ...  A,  S*’}  . 

\  t  t  -  i  o  if- 1  V  /  i 


X  ‘ 
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A  similar  argument  applies  to  the  second  part  of  equation (K-l)  aD  «  Pr(D*  C*  B*) . 

The  equations  are  applicable  to  the  list  of  biological  mechanisms  in  Table 
K-1II.  Capital  letters  G  ^ ,  and  F  designate  certain  events;  the  small  letters 
8 j  •  b  j  •  f  represent  the  probability  of  intersection  of  all  events  G  ^ ,  H 

and  F  respectively,  when  the  conditional  probabilities  of  these  events  are 
considered.  These  definitions  give  the  biological  meaning  to  all  events  discussed. 

Equation  (K-9)  and  the  parallel  equation  for  the  nonspecific  human  resistance 
can  now  be  put  into  words:  If,  in  each  of  the  five  probabilities  listed  in 
Table  K-III,  there  is  conceptual  independence  between  the  organism  factors,  the 
host  factors,  and  the  "clean  contact  rate"  as  they  influence  events,  then  there 
is  independence  among  the  respective  pnbabilities  of  intersection  of  conditionally 
determined  events  due  to  the  host,  due  to  the  organism  and  due  to  the  "clean  con¬ 
tact  rate.  Thus,  in  such  a  case,  the  multiplication  assumptions  of  section  A, 
at  the  beginning  of  this  appendix,  would  be  consistent  with  current  biological 
knowledge. 

In  this  paper  it  does  not  seem  feasible  to  go  into  detailed  description 
of  the  accumulated  knowledge  concerning  the  interaction  between  each  two  of  the 
factors  listed  in  Tables  K-I  and  K-1I,  A  "rough  and  ready"  conclusion  would 

be  that  there  is  considerable  interaction;  but,  in  view  of  the  multiplicity  of 
factors  involved,  the  assumption  that  the  various  interactions  will  cancel 
each  other  out  does  not  scum  fur  from  reality. 

C.  Confrontation  of  the  Two  Assumptions  with  Observations 

The  assumption  of  no  interaction  between  disease  and  community  effects  can 
be  tested  by  analysis  of  variance  of  observed  data  with  respect  to  either  the 
contact  rate  or  the  nonspecific  host  resistance. 

Data  representing  an  index  of  the  contact  rate  (as  discussed  in  Chapter  3, 
Section  III,  Subaectlon  D)  are  given  in  Table  K-IV,  They  apply  to  measles,  whooping 
cough,  and  diptheria  in  19  large  United  States  cities  from  1901  through  1949.  Since 
the  data  are  approximately  homoscedastic  and  normally  distributed,  the  analysis  of 
variance  is  appropriate.  The  result  is  given  in  Table  K-V.  No  significant 
Interaction  could  be  demonstrated  at  the  S  percent  level  of  significance,  but 
the  statistical  power  a,  th  test  is  low.  Since  most  dlpthtria  infections  occurred 
at  school  age,  and  most  mess,. a  and  whooping  cough  at  preschool  ages,  there  may  be 
some  merit  in  taking  the  data  for  measles  and  whooping  cough  only  and  repeating  the 
analysis  (TableK-Vl).  Again,  no  significant  interaction  could  be  demons, i ated , 


D?ta  for  values  of  Che  nonspecific  host  susceptibility  are  not  available. 

However,  it  is  possible  to  produce  a  similar  argument  on  the  probability  that 
an  infected  individual  will  die  from  the  disease,  by  using  factors  and  h^ 
instead  of  and  h^  (see  Table  K-TII).  Thus,  if  independence  between  host  and 
organism  effects  on  cause-specific  mortality  rates  can  bs  demonstrated,  such 
a  finding  would  support  the  concept  of  independence  between  these  effects  on 
the  nonspecific  host  susceptibility.  In  the  selection  of  data  the  following 
considerations  should  be  taken  Into  account: 

1)  Curative  or  preventive  medical  treatment  should  not  appreciably  in¬ 
fluence  the  disease  in  its  incidence,  duration,  or  fatality. 

.’)  The  disease  should  be  readily  distinguishable  from  other  diseases  and 
as  a  cause  of  death. 

1)  Reporting  should  oe  complete,  or  at  least  consistert,  when  different 
years  are  compared. 

~>)  The  age  groups  examined  In  different  communities  should  be  comparable. 

Pascua—  published  rates  of  reported  mortality  from  measles,  whooping 
cough,  diphcheria,  and  scarlet  fever  for  several  European  countries  between 

1901)  and  1950.  These  data  can  be  subjected  to  a  two-way  analysis  of  variance 
with  replications  for  different  year  of  reporting.  Because  t lie  raw  data  are  not 
homoscedastic  and  their  variances  are  approximately  proportional  to  the  square  of 
their  means,  the  data  were  transformed  into  their  logarithms.  The  resulting  "analysis 
of  variance  table"  is  given  in  fable  K— V II.  So  significant  interaction  between  disease 
and  country  effects  could  be  demonstrated  at  the  5  percent  level  of  significance. 

These  tests  should  be  repeated  under  different  conditions.  If  they  invariably 
would  result  in  "no  significant  interact  ion,"  then  the  assumption  tested  could 
be  accepted  as  a  working  hypothesis:  ibis  working  hypothesis  is  as  follows.  The 
observations  are  consistent  with  no  interaction  between  the  effects  of  the  combined 
organism  factors  on  the  one  hand  aid  the  combination  of  host  factors,  "clean  contact 
i.ite",  and- -in  the  case  of  mortality  rat es--f ac i 1  i  t ios  for  prevent  ion,  cure,  and 
reporting  on  the  other  hand. 


!’•*-.  t.i.  V  "evolution  of  Motrslit'.  in  Europe  burin*  the  Twentieth  enturv." 
World  he*JUn  organ! ». it  t  .on  f  pi  demi  o 1  ogi  >  a  i  and  Vital  statist  i  i.  <.  Report. 

V i  ,  ,  l  1  ,  pp .  -  l  ?  . 
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CURVE  CROSSINGS  PER  25  YEARS^  BETWEEN  LINE  OF  ANNUALLY 
REPORTED  MORTALITY  RATES  AND  ITS  NON-LINEAR  REGRESSION  LINE 

Four  Infectious  Diseases  in  19  Large  IJ.  S.  Cities 
for  the  periods  1901-1925  ar.d  1925-1 959^^ 

i 

i 


Observations  of  Infectious  Respiratory  Diseases 

Cities 

Measles 

1901-25  192 

1 

5-u9 

D  ip  ther  i  a 

1901-23  192 

5-49 

Baltimore,  Md . 

2  .  3 

2.3 

13 

12 

lb 

1 

7 

9 

Boston,  Mats. 

2.1 

3.0 

14 

12 

19 

15 

9 

a 

Ch  icago ,  Ill 

3.0 

1.3 

17 

21 

14 

13 

a 

10 

Cleveland.  Ohio 

— 

— 

12 

lb 

16 

15 

10 

8 

Columbus,  Ohio 

... 

11 

13 

19 

lb 

7 

14 

Indianapolis,  Ind . 

w.7 

7.3 

16 

13 

15 

14 

12 

6 

Kansas  City,  Mo. 

— 

— 

14 

15 

16 

13 

9 

8 

Los  Ange les ,  Calif. 

9 . 7 

10. 0 

16 

18 

13 

lb 

10 

9 

Louisville,  Ky . 

2.5 

2.5 

12 

15 

17 

14 

10 

9 

Milwaukee,  Wis. 

4.0 

5.5 

10 

15 

17 

14 

9 

13 

Minneapolis,  Minn. 

— 

— 

18 

15 

18 

11 

a 

15 

New  Or  leans ,  La . 

2.5 

)  .  j 

14 

13 

14 

14 

a 

9 

New  York  City,  N.  Y. 

1 

2.7 

16 

20 

12 

a 

8 

i  ft 

Philadelphia,  Pa 

... 

... 

14 

19 

15 

13 

3 

7 

Pittsburgh,  Pa. 

— 

18 

18 

19 

17 

4 

!  1 

Providence.  R.  I. 

2  .  3 

4 .  3 

13 

13 

13 

10 

10 

14 

Saint  Louis,  Mo. 

2.5 

5.^ 

14 

13 

1  5* 

13 

l- 

13 

San  Franc  isco ,  Cai  t  f . 

3.5 

2.0 

l  3 

1  * 

14 

1  3 

7 

10 

Washington,  D.  C. 

2 . 5 

-.0 

• 

lb 

11 

12 

10 

8 

Mean  Values 

.'  05 

H  ^ 

BE 

■ 

-2  13.38 

. -1 

8.95 

10. bj 

Mean  Duration  of 

Complete  Cycles  £ 

13.7 

3.4 

3.4 

5. : 

tin  years) 

i 

\ 

4  ' 

—  Tr.t  two  obstrvution 

periods  for  tuberous 

i  ?• 

are  t. 

get  her  up  t 

'  15'  vears 

—  Source:  V'ors,  A.  W 

A  Modified  Soper- 

Reed  - 

Frost 

Mi'de  ’  a*  » 

luide  in 

Programming  the  Control  of  Fn’emslc  Krspifatnrv  Infection.  'Tape' 
Mill.  N.  C.:  University  of  N  ofth  Carolina,  !v«etoral  'i  *  ft  at  ;  on  , 
I9b5. 
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\NALVSIS  OK  VARIANCE  OF  ANNEAL  MORTALITY  RATES  DUE  TO  MEASLES,  ,, 
WHOOPI  No  COL'i'H  rtNTl  DIPHTHERIA  IN  13  LARGE  U.  S.  CITIES,  1901-1949^' 


Variant 

e 

bun  of 

Debtees  of 

Mean 

Variance 

^critical 
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12 
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Table  K-VII 


ANALYSIS  OF  VARIANCE  OF  AGE-SPECIFIC  MORTALITY  RATES  DUE  TO 
WHOOPING  COUCH,  SCARLET  FEVER,  DIPHTHERIA  AND  MEASLES  rOR  ENGLAND  AND 
WALES,  ITALY,  NORWAY  AND  NETHERLANDS  AS  REPORTED  FOR  THE 
YEARS  1900,  1910,  1920,  and  1930®'' 


Variance 

Due  to 

Sum  of 
Squares 

Degrees  of 
Freedom 

Mean 

Squares 

Variance 

Rf.t.08 

^critical 
(Of.  05) 

Dlseaae 

3.553425 

3 

1.184475 

13.70 

2.81 

Country 

3.i492n 

3 

1.049738 

12.14 

2.81 

Interaction  DxC 

1.144137 

9 

0.127126 

1.47 

2.09 

Error 

4.149000 

48 

0.086438 

Tital 

1  1 .99577 3 

63 

Pascua,  M.  "Evolution  of  Mortality  in  Europe  During  the  Twentieth  Century, 
World  Health  Organization  Epidemiological  and  Vital  Statistics  Report. 

Vol .  4,  1951,  pp.  36-137. 
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Defense  Systems  on  Infection  Incidence  in  the  Case  of 
Chronic  Protein  Malnutrition 
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Appendix  K-TAB 


Interaction  Between  the  Effects  of  the  Various  Host 
Defense  Systems  on  Infection  Incidence  ir.  the  Case  of 
Chronic  Protein  Malnutrition 

Scrimshaw,  et  a_l. '  reviewed  tht  experimental  evidence  lor  the  existence  ol 
dietary  influences  in  the  etiology  of  nonspecific  host  resistance  against  bacterial 
disease . 

In  an  extensive  literature  survey,  they  found  that  most  references  are  in  agree¬ 
ment  concerning  the  existence  of  effects  of  nutrient  deficiency  on  various  aspects  of 
bacterial  infections  and  that  these  effects  act  synergistically .  Dietary  deficiencies 
are  associated  with  reductions  in  antibody  responses,  phagocytic  activity,  nonspecific 
protective  substances  (like  lysozym),  nonspecific  destruction  of  bacterial  toxins, 
and  with  alterations  in  intestinal  flora,  tissue  integrity,  and  endocrine  balance  of 
the  host. 

Scrimshaw,  et  al. ,  concluded  from  such  experimental  data  that  host  resistance 
against  bacterial  infection  depends  on  at  least  four  actions  by  nutritional  deficien¬ 
cies  which  are  mutually  interacting  in  a  synergistic  manner.  These  actions  are: 

(i)  facilitating  initial  invasion  of  the  host  by  the  infectious  agent;  (2)  affecting 
the  agent  after  it  is  established  in  the  host  tissues;  (3)  favoring  secondary  infec¬ 
tion;  and  (4)  retarding  convalescence  after  infection.  Many  of  the  better  controlled 
experiments  concentrate  on  only  one  of  these  actions  or  on  part  of  one.  Thus, 
negative  findings  in  such  experiments  do  not  necessarily  exclude  the  influence  of 
malnutrition  on  the  resulting  comprehensive  state  of  health. 


1 /  Scrimshaw,  N.  S.,  C.  E.  Taylor,  and  J.  E.  Gordon.  "Interactions  of  Nutrition 

and  Infection,"  American  Journal  of  Medical  Sciences.  Vol.  237,  1959,  pp.  367-403. 
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Appendix  L 


The  Effect  of  Quarantine 


This  appendix  explores  the  problem  of  quarantine. 
That  is,  if  the  probability  of  epidemiological  contact 
between  any  postattack  community  member  and  an  outside 
person  is  diminished  but  non-zero,  what  are  the  conse¬ 
quences  ir.  terms  of  epidemic  risk? 
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Appendix  L 


The  Effect  of  Quarantine 


I.  DERIVATION  OF  THE  ANALOGUE  OF  THE  SOPER-REED-FROST 
MODEL  FOR  UNEQUAL  CONTACT  RATES 

The  contact  rate  of  a  person  is  the  number  of  contacts  per  time  unit;  as  such, 
the  rate  is  a  unique  personal  time  series,  comparable  to  pulse  rate  or  respiration 
rate.  However,  unlike  a  pulse  or  respiration  rate,  each  contact  involves  two  persons 
and  can  be  classified  as  either  a  within-household  or  a  between-household  contact 
rate.  Thus,  each  person  in  a  community  has  two  attributes;  the  within-household 
contact  rate  and  the  between-household  contact  rate;  the  sum  of  the  two  rates  is  the 
contact  rate. 

The  influence  on  the  model's  predictions  exerted  by  the  existence  of  two  cate¬ 
gories  of  contacts  (within-  and  between-household)  will  be  investigated  by  means  of 
an  example. 

Let  the  contact  rate  X  be  5  per  time  unit  and  let  the  rate  be  equal  for  every 
person  of  the  conmunity.  Consider  a  community  of  1000  inhabitants  (N  =  1000),  being 
divided  into  100  households,  each  of  10  members  (n  =  10).  Further,  let  there  be  10 
infectives  in  the  community  so  that  the  community  prevalence  of  infectives  i  =  0.010. 
The  question  is;  How  is  the  community's  crude  attack  rate  A  affected  by  a  change  in 
relation  between  the  numbers  of  within-  and  between-household  contacts? 

To  answer  this  question,  let  X'  be  the  within-household  contact  rate  and  X" 
the  between-household  contact  rate,  so  that  X  =  X'  +  X"  .  If  there  is  one  infective 
in  the  household,  let  p'  be  the  probability  that  a  susceptible  becomes  infected  from 
within  his  household  within  the  time  unit,  and  p'  the  probability  that  a  susceptible 
becomes  infected  from  outside  of  the  household  within  the  time  unit.  Likewise,  to 
include  the  probability  of  no  contact,  let  q'  =  1  -  p1  and  q"  =  1  -  p" . 


According  to  Abbey—^, 


A  -  Sll  -  (q')in(q")l(N'n))  . 


(L-l) 


Apply  equation  (3-2),  chapter  III,  to  one  of  the  algebraic  definitions  of  e,  the 
base  of  the  natural  logarithm: 

N-l  -X 
q  =  e 


Abbey,  H.  "An  Examination  of  the  Reed-Frost  Theory  of  Epidemics,"  Huma n 
Biology,  Vol.  24,  1952,  pp.  201-233. 
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This  equation  is  valid  as  long  as  either  the  conmunity  size  N  is  large  enough,  or 
p  is  avail  enough  (p  is  the  probability  of  at  least  one  contact  between  any  two 
community  member*)  per  unit  of  time;  see  Appendix  A).  The  latter  condition  ia  suf¬ 
ficient  according  to  a  mathematical  property  of  e.  Hence,  within  a  household  of 
size  n,  as  long  as  p  is  small: 


e 


-V 


<q’> 


n-l 


(L-2) 


where  it  is  stipulated  that  the  proband  or  index  person  is  included  in  the  household. 

To  express  A  in  terms  of  S  under  various  assumptions  concerning  the  proportion 
of  contacts  that  occurs  within  the  household,  suppose  that  all  of  the  5  contacts  per 
unit  of  time  era  within  the  household  and  that  all  households  are  completely  isolated. 
According  to  equation  (L-2) 


e 


-V 


-V 

e 


(q')11"1  ;  e*5  -  (q')9  ;  q'  -  0.5738  . 

(q")”*1  ;  e*°  -  (qM)999  ;  q"  -  1.000  . 


According  to  the  binomial  distribution  of  infectives  among  households,  there 
will  be  90  households  without  infectives,  9  households  with  one  infective,  and  one 
with  two  infectives.  Thus,  in  this  case,  equation  (!>*!)  becomes 


f  -  0.90  {1  -  (q')°(q")10)  +  0.09  (1  -  <q')l(q")9] 

+  0.01  (1-  (q')2(q">8)  •  (L-3) 

By  substituting  numbers  for  symbols  and  completing  the  computation, 


|  -  0.048  . 


The  calculations  are  repeated  for  the  assumption  that  more  of  the  contacts  take  place 
between  households.  The  results  are  as  follows: 


Distribution  of  Contacts 


Within  Between 

Households  Households 


X'  -  0  X"  -  5 
X'  -  1  V  -  4 
v  -  2  x"  -  3 
V  «  3  X"  -  2 
X'  -  4  X"  -  1 
X'  -  5  X"  -  0 


Value  for  J 


0.048 

0.050 

0.050 

0.049 

0.046 

0.045 


1.-3 


Similar  calculations  were  made  for  (i)  -  0.100  and  (i)  -  0.001;  the  results  ara 
given  in  a  nomogram  (Fig.  L-l).  It  can  be  concluded  that,  under  the  given  circum¬ 
stances — which  are  fairly  representative  for  most  infectious  diseases  in  actual 
communities-- a  change  in  the  relationship  between  rates  of  within-household  and 
becween-houaehold  contacts  has  little  influence  on  the  rate  at  which  ausceptibles 
became  infected. 

II.  DERIVATION  OF  THE  ANALOGUE  OF  THE  S0PER-REED-FR0ST  MODEL  FOR 
DEPARTURE  FROM  THE  ASSUMPTION  OF  ISOLATION  OF  THE  COMMUNITY 

An  isolated  community  within  a  country  is  much  like  an  isolated  household  with¬ 
in  a  community  (the  latter  case  was  examined  in  the  example  in  Section  I  of  this 
appendix).  In  other  words,  the  sate  at  which  susceptlblea  become  Infected  la  rather 
insensitive  to  changes  in  the  relationship  between  rates  of  within-household  and 
between-houaehold  contacts.  The  same  can  be  applied  to  communities  of  size  n  with¬ 
in  a  country  of  size  N.  Hence,  as  long  aa  the  values  for  the  parameters  X  and  aD 
do  not  differ  juch  between  communities,  the  prediction  of  ^  (by  the  Soper-Reed-Frost 
model)  la  insensitive  to  departure  from  the  assumption  of  segregation.  In  such  cases, 
the  generalized  version  of  equation  (L-3)  is  applicable. 

111.  QUARANTINE  AFTER  NUCLEAR  ATTACK 

As  long  as  the  sheltered  community  is  free  from  a  certain  pathogenic  organism, 
the  incidence  of  lnfectlves  ia  near  zero  of  course.  Aa  aoon  aa,  in  case  of  a 
less-than-perfect  quarantine,  such  a  pathogenic  organism  would  get  established,  the 
above  developed  model  shows  that  an  incidence  equal  to  the  outside  incidence  could 
be  expected.  However,  if  the  outside  population  were  not  exposed  to  radiation 
and  only  the  sheltered  population  were,  the  incidence  in  the  latter  population  would 
exceed  that  of  the  outside  population  due  to  incraased  susceptibility. 
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Appendix  M 

Composition  of  the  Medical  Treatment  Packages 

This  appendix  contains  components  of 
Treatment  Packages  used  as  inputs  in  the 
Immediate  Effects  Submodel. 


M-I 


COMPOSITION  OF  INJURY  i  Ki-ATMENT  PACKAGES 
(Colua:-.  f l«ure»  indicate  number  of  units  of  each  Item) 


Tabu-  M - 1  (Continued) 

COMPOSITION  OP  INJURY  TREATMENT  PACKAGES 
(Colamv.  figured  indicate  numbar  of  units  of  each  item) 


Table  M-i  (Continued) 

COMPOSITION  OF  INJURY  TREATMENT  PACKAGES 
(Colusa  figures  Indicate  number  of  unj.t<  of  each  Iteri) 


1 

4 


Combined  Item 


COMPOSITION  OF  INJURY  TREATMENT  PACKAGES 


Table  M-II 


EXPENDABLE  ITEMS  IN  MEDICAL  TREATMENT  PACKAGE 
(Each  Item  is  Replaceable  by  Available  Substitutes) 


Item 

No. 

Composition  of  a 

Unit  Nomenclature 

Treatment  Package  Unit 

Size  Number 

1 

Oxy tetracycline,  (film-coated  tablets' 

250  Mgm. 

14 

2 

Combined  Item  A 

Tetracycline  Hydrochloride  Powder 

100  Mgm. 

1 

Sterile  Water  (Ampules) 

5  Ml. 

5 

3 

Dressings,  Gauze,  Assortment  I 

Pad 

1  yd-2 

12 

Pad 

i  yd. ~ 

6 

Compress 

i  yd. 2 

1 

Compress 

1  yd. 

1 

Roll  Bandage 

4"  x  10  yds. 

1 

Roll  Bandage 

6"  x  5  yds. 

1 

4 

Dextrose,  Saline  52 

Liter 

1 

5 

Elastic  Bandage,  Roll 

3"  x  25  yds. 

1 

6 

Adhesive  Tape,  Roll 

12"  x  10  yds. 

it 

i 

7 

Catheters,  Foley 
#20 

i 

#24 

— 

i 

#16 

— 

i 

8 

Hypodermic  Needle  Assortment 

25  gauge 

1" 

10 

20  gauge 

1-1/2 

5 

18  gauge 

2" 

5 

15  gauge 

2" 

2 

9 

Scalpel  Blade 

#20 

1 

10 

Sodium  Phenobarbital,  Parenteral 
(Ampules) 

130  Mgm. 

8 

11 

Dextrose  Water  5% 

Liter 

1 

12 

Sodium  Pentobarbital,  Parenteral 
(Bottles) 

100  Mgm. 

5 

13 

Oral  Electrolyte  Solution  (Packet) 

4.5  Grams 

7  x  130  -  2  lbs 

*Each  roll  cut  in  following  widths:  4  x  1/2"; 

3  x  1";  2  x  2";  1 

in  shelter  kit 

x  3" 

M-6 


Table  K-  II  (Continued) 


14 

Combined  Item  B 

Dressings,  Gauze,  Assortment  II 

4"  x  4" 

100 

Pad 

4"  x  4” 

100 

Pad 

8”  x  10" 

100 

Compress 

22"  x  18" 

100 

Roll  Bandage 

4"  x  10  yds. 

6 

Roll  Bandage 

6x5  yds. 

4 

Syringes  (Glass) 

2  Ml. 

5 

Blood  Collecting  lube  (Suction) 

— 

1 

Polyethylene  Tubing 

- — 

1 

Size  20 

— 

1 

Size  18 

— 

1 

Size  15 

— 

1 

Procain  Hydrochloride  1%  (Ampule) 

30  Ml. 

1 

15 

Combined  Item  C 

Tracheotomy  Tube,  Silver  Plated 

Size  5 

1/10 

Size  6 

— 

1/10 

Size  7 

— 

1/10 

Oral  Airways 

- - 

1/5 

16 

Tetanus  Toxoid  Alum  Precipitated 

5  Ml. 

1/10 

17 

Arm  Slings 

— 

1 

18 

Dextran  6% 

Liter 

2 

19 

Dressing,  Gauze,  Assortment  III 

Pad 

4"  x  4" 

100 

Pad 

8"  x  10" 

10 

Compress 

22"  x  18" 

10 

Compress 

22"  x  36" 

10 

Roll  Bandage 

4"  x  10  yds. 

10 

Roll  Bandage 

6"  x  5  yds. 

10 

20 

Gantrisin  Iablcts  (Tablets) 

500  Mgm. 

40 

21 

Sodium  Hydrochloride  Solution 

5  oz. 

1 

22 

Combined  Item  L 

Crutches,  Wooden 

Pair 

1 

Padded  Woolen  Splints 

3'  x  3"  x  1/4" 

4 

23 

Demerol  Tablets— Mepiridine 
Hydrochloride  (narcotic) 

100  Mgm. 

6 

24 

Liquid  Soap  (Plastic  Bottles) 

5  oz. 

1 

25 

Morphine.  Sulfate  (Tablets) 

16  Mgm. 

10 

26 

Combined  Item  E 

Dextran  6% 

Liter 

2 

Rubber  Drains 

1/2" 

2 

Catheters,  French  (Metal) 

16  Fr. 

_ _ 

1 

24  Fr. 

— 

1 

Li tmus  Paper 

— 

1 

1/6  Molar  Lactate  Solution 

Liter 

1 

Potassium  Chlorade  (Viais) 

20  Ml. 

20 

M"7 


\ 

l 

'  i 

Table  M-II  (Continued) 

27 

Combined  Item  F 

Syringes,  (Glass) 

Each 

5  Ml. 

1 

- 

Each 

20  Ml. 

1 

Contrast  Solution  for  Cystograms 
Ampules 

30  Ml. 

1 

28 

Combined  Item  G 

Serum  Albumin 

Blood  Collection  and  Dispensing 

59  Grams 

1 

Set* 

450  Ml. 

1 

29 

Combined  Item  H 

r 

Endotracheal  Tubes 

34  Fr. 

— 

1/10 

36  Fr. 

— 

1/10 

40  Fr. 

— 

1 

30 

Combined  Item  I 

Sheet  Wadding,  Roll 

5" 

1 

Padded  Wood  Splints  (Sheets) 

2"  x  15" 

18 

31 

Aspirin  (Tablets) 

500  Mgm. 

12 

32 

Combined  Item  J 

Thomas  Splints 

1/2 

Full  Ring 

— 

Half  Ring 

— 

1/2 

Elastic  Bandage,  Roll 

6"  x  25  yds. 

3 

Plaster  Splints  (Sheets) 

5'  x  30" 

24 

Cotton  Wadding,  Roll 

5" 

3 

1 

Padded  Wood  Splints  (Board) 

6'  x  4"  x  1/2" 

2 

33 

Combined  Item  K 

Lidocaine  Hydrochloride  Injection 

1%  (Ampules) 

5  Ml. 

25 

Tetanus  Antitoxin  (Vials) 

20,000  Units 

1/4 

Epinephrine  (Ampules) 

Diphenhydramine  Hydrochloride 

1  Ml. 

1/10 

(Capsules) 

25  Mgm. 

1 

34 

Combined  Item  L 

Dressings,  Gauze,  Assortment  IV 

12 

Roll  Bandage 

4"  x  10  yds. 

Pad  (8  Ply) 

4"  x  4" 

12 

Caffein  Sodium  Benzoate  Injection 
(Ampules) 

5  Ml. 

1 

Dilantin  (Capsules) 

100  Mgm. 

10 

Disposable  Razor  Blades 

1 

35 

Metal  Hand  and  Finger  Splint 
(Aluminum  and  Foam  Rubber) 

— 

1 

36 

Chlorpromazine,  (Tablets) 

25  Mgm. 

400 

"IT 

Includes  Anticoagulant 

\ 

j 

[ 

M-8 

- 

Table  M-1I  (Continued) 


37  Combined  Item  M 

Procaine  1%  Ointment  (Tubes) 
Lidocaine  Ophthalmic  Ointment  5 % 
(Tubes) 

Tetracycline  Ophthalmic  Ointment 
(Tubes) 

Eye  Patches 
Cotton  Applicator 


5  Grams  1 

2  oz,  1 

2  oz.  1 

5 
1 


Source:  Model  62  Civil  Defense  Emergency  Hospital,  Component  Listing  and 
Storage  Data  (Washington,  D.  C.:  Public  Health  Service,  1964), 
Passive,  and  Therapeutic  Guide  for  the  Civil  Defense  Emergency 
Hospital  Pharmaceuticals  (Washington,  D.  C.:  Public  Health  Service, 
1964). 
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ABSTRACT 

This  study  developed  a  Total  Emergency  Health  Care  System  Model  that  cam  be  used  to 
study  postattack  problems  in  medical  preparedness  planning  for  a  single  locality.  The 
model  consists  of  two  submodels  that  analyze  medical  system  effectiveness,  measured  by 
survivors,,  as  a  function  of  medical  resources  (personnel,  facilities  and  supplies)  and 
their  employment.  The  Immediate  Effects  Submodel  analyzes  the  first  60  days  after 
attack  and  is  applicable  to  those  casualties  that  survive  the  initial  weapon  effects. 
Casualty  types  resulting  from  a  specified  attack  and  available  medical  resources  are  in 
put.  A  prognosis  based  on  injury  type,  availability  of  appropriate  medical  personnel,  t 
and  available  medical  supplies  is  applied  to  these  casualties.  The  number  of  deaths 
and  survivors,  along  with  the  utilization  of  medical  supplies  and  personnel,  are  out¬ 
put.  The  Disease  and  Chronic  Conditions  Submodel  la  designed  to  model  the  generation 
and  effects  of  likely  disease  threats  to  survivors  of  tha  60  days  postattack  period 
throughout  the  ensuing  year.  Using  a  mathematical  model  of  Infection,  survivors  art 
subjected  to  the  risks  of  becoming  Infected  by  one  or  more  of  16  communicable  diseases. 
A  prognosis  function  Is  then  applied  to  the  infective*.  The  model  output  specifies  ths 
number  of  fatalities  and  the  consumption  of  medical  resources  by  five-day  periods  for 
each  disease.  New  Orleans,  Louisiana  was  ussd  as  a  cast  study.  Tha  hypothatical  attac 
was  a  surface  burst  by  a  1.5  HT  weapon  approximately  9  miles  south  of  the  cenCer  of  tha 
city.  The  results  of  the  case  study  indicate  that  relativtly  unlimited  resources  pre¬ 
vent  few  deaths  among  direct  effect  Injured.  However,  large  numbers  of  epidemic  deaths 
are  preventable  in  the  late  poatattack  environment.  Since  these  preventable  deaths  ars 
highly  dependant  upon  medical  resource  availability,  the  importance  of  preattack 
medical  resource  planning  and  stockpiling  of  supplies  is  indicated. 
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